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U T T LY FOREWORD

. v R .

'l'he format-ron of the Umted States Envrronmental Protectlon Agency marked a'new era of env1ronmental o

_awareness in America. This Agency s go?ls are national in scope and encompass broad responsrbrlrty in the
‘area of air and water pollution, solid wastes, pesticides, noise, and radiation. A vital part of EPA’s national

water pollutron control -effort is . the constant development and d1ssem1natlon of new technology for
pollutlon c?ntrol A & Lo . . - )
) ) . — - - ~ o . ; T e -

_. ~

The purpose of this® manual is to provrde guidance ‘to manufacturers 1n1t1at1ng or upgradrng wastewater'

; momtonng Jprograms. It is recognized that there are a number of analytical standards and texts_ available

for spec1a]1sts in- the analysls of wastewater. It is the intent of this manual to present information on the -

s

.complete scope of wastewater monitoring in a fosm which can be readily used by managers engineers, and///_s

.- in water pollutioncontrol. - - S i " : : ¢

. may have 1mproved the area of appllcatron of many techmques

scientists who, although thoroughly familiar with manufactunng processes, have not prev1ously specrallzed

/ \
° - oo

PR -

Momtonng is ant’ extremely raprdly developlng ﬁeld and rnnovatlve changes are cont1nual Wlule -this
manual represents the best judgement of the. printing, it must be realized that subsequent developments

s . PN
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L

Also, applrcabxllty of many* samplers 1nstruments, and analytical techmques is strongly dependent upon

‘the type of wastewater being, monitored. This mahual,.therefore, must be recognized as a guide to allow

the user-to-arrive quickly at the point where decisions on his specific waste can’ be made. The manual'is not

‘inténded _to. be regﬂg&ry\(:'iirestnct the innovation whrch has characterrzed th1s field over the past

few years. .. o .. e
o . . . S/
. . . ' .
' . o . . v
. P v . . '//
\ . /./
y
/7
1/.‘
4 ¥ v R
e ~
s . ;
\ i // RV
7 ) . .
- X
s
s .
Al . -
¢ L/
- £ ‘\/ ' 4
N 4. S
///'
. _’ o
? . //
[ e g 4
an | v
H ./
/- |
/
| L
/ K
“ e / Al
. ,
®
ﬁl // v
, .
Y : -
/



ffor- industrial wastewater m0nitorir1g comprises a compilation of information for.use and""
Bnning, executing and continuing a program of industrial waste monitoring. Philosophy of -
» planning, samplrng, measuring,. and analysis is presented for familiarization by industrial
fficient detail is given for those who wish to explore more deeply some,of the practical
ects of any of ‘ the phases of a momtorrng program. A logical procedure is suggested and
' those responsrble for industrial .plant waste. control programs. Automated “sampling,
Ralytical - devmes are "described and’ methods ‘of use outlined. Manual procedures and
thods ‘are. lrkewrse presented Use of the collected data is drscussed Specral
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e e Chapter1 I

‘. , ; | UEEEN |NTRODUCﬁON J.- | o e :
/1 11 General & e L . : - S ‘*;: . o, 7'_':
&" D . A ! ‘. *

lndustnal manufactunng processes of almost every type produce some quantjties of waste materials. These ‘
- +products take the form of liquid, gaseous or solid reslduals In almost’all cases, the 1nd1scnminate d1sposal of

- these waste mater1als has a‘detrimental effect upon the envrronment : o St

. g . e
- I [

' /
o L i

L The contmued growth of Amencan mclustry wrll undoubtedly requrre srgnrﬁcant redt!ct‘ions in tlfe amounts' '

of waste pollutants now being discarded. ‘The -assimilative ability’ of olur nation’s-air, water, and land .
resouyces is ‘approaching the maximum; and further industrial ¢ expansion, or eVen contlnued operatlon at’

' exrstmg levels of pollutlon ‘could result 1n severe health and socral degradatlon e e e

Th1s manual 1s pnmanly concerned wlh lquId borne wastes from 1ndustr1al manufactunng operatlons It 1s'-,
offered as a guide to the manufacturer in estabhshmg 4 program for monltonng liquid wastestreams, and is'
intended to provide broad gt:neral direction and guidance to"persons w1thout prior training or experlence It
will also’ br1ng into one volume mformatlon valuable :as a reference and checklist §ource for those persons '
who .are actively engaged in 1ndustr1al pollutlon 5ontrol programs The manual cQyers the general waste
charactenstlcs of many rndustnal operatlons and dlscusses methods and procedures which can'be applred to
momtonng a. ma]orlty of llqmd ‘borhe industrial -effiients. It should also prove helpful to managers and

"supervisors of 1ndustnal operations. whos¢§ basic function is manufactunng, but who now find a need for:
- famlhanzatlon and understandlng of the fundamental pr1ncrples |nvolved in a wastewater mon1tor1ng

. .

program. IR o p DR

Rl

_‘Thrs pubhcatlon is part of an 1ncreas1ng effort of the Enwronmental Protectlon Agency to proVJde techmcal""
assrstance for industry in solving their pollutlon problems. It has nat been prepared for reguIatory purp es

and is offered as helpfu] guidance only. . Regulations both at State 4nd Federal levels will, however, requ
that monrtonng be estabhshed as an 1ntegral part of any 1ndustr1al waste control and treatmept system

> . . ) . . o . '
This’ handbook is, orgamzed to- mclude a. general non- techmcal explanatron for managers early m each

' vchapter followed by more detalled mformatlon for those 1nvolved in executmg thé monitoring, program’ .
_All "aspects of monitoring are covered in subsequent chapters rang1ng from slmple procedures through

soph1st1cated automated systems SR o, L .
1.2 The Need for a Monitoring Program  « T o 1 e
A waste monitoring program is desirable for the foliowing reasons: .. - .. . B .
1. To assure re pons|ble regulatory agencles of the manufacturers compllance with - '_"_J ‘ ;
effluent requrrements 4nd. rmplementat13n schedule set forth in the dlscharge o Y,
permlt :»h, . . L o ) .

. . - . . . -~

2 To maintain sufﬁcrent co,ntrol of in-plant operatlons to prevent vrolatlons of perm1t‘
specrﬁcatrTns o .

» .
: ~

- 3 To deVelop necessary data for the desrgn anﬂ operatlon of wastewater treatment '

- facilities. _' R v . S . o



O

ERIC

Aruitoxt provided by Eic:

* operating in- conformance-wrth permrt req

Lo .

.-treatment system to meet regulatory requrrements

4 To insure cogmzance of product and materral losses to'the sewer. - - - .. . -

Al

L] "'
A .

" Under the penmt system the burden of monitorlng a wastestream is placed upon the party creating the

dlscharge and regulatory agencies wrll monitor only as a check upon the accuracy of the reports of these
drschargers . ' .

The control of a. waste system wrll normally require monitonng beyond that specrﬁed by the regulatory
agencres since the regulatory” program’ will be prrmanly anoverview. function. Providing a system for

preventmg violatjons is. the responsibility. of the manufacturer If the in-plant control system is carried out

effectrvely there. will be a mmrmum of regulatory rnvolvement in plant production operations

In addition to the le'gal requirements and the'necessity ‘of preventing Violations a good waste monitoring

system can provide a- check on.the operation.of manufacturrng processes. Material losses or reduced -

performance of process equipment: result in increased waste loads Analysrs of the wastestreams can often-
pinpomt malfunctions and result in prompt correction . ’

'. - 1 . . ',. >

Another positive aspect of a good monitonng system is to provide protection. for inaccurate accusations.of
- illégal or harmful waste discharge practic j Ad'equate monrtoring records can document that a facllity was
Srements 4 _ ) PR

. N, :
L . 3
[ 4

v

A waste monrtorrng system should become an integral portron of the manufacturrng process and be. used as

monitoring program will also provide basic ‘data that will be valuable in the desrgn of a wastewater

- a measure of efficient operation. "Once incorporated into the production system, it will be.an invaluable :
check on the overall efficiency, of plant operations as well as an aid in meeting legal requirements. The .-



| Chapter 2 R : S
. PROGRAMPLANNING - < =~ = % ..~ =0
N . T ‘ N ll . S e 4 B i N .
21 Organrzmg the Program T '. _ e BRI
‘ 211 lntroductron B R _ " - o

- The bas1c steps 1nvolved in plannmg and rmplementrng an efﬂuent momtonng program are deprd\ted in
Frgure 2-1. It is invariably found that the orgamzatron of a monitoring program is most economxcallL
‘approached by provrdmg a capable staff fo plan and initiate the program. The goal of this group is to drrlve '
-at- the ‘most practical continuing program which will assure comphance with permit requirements. Proper
attention to planning is necessary for the establishment of an inexpensive, convenient.and | effective. program -
which will not interfere with prpductnon operations. Since the program will be an mtegral part of the
manufactunng process, the same attention should be glven to its efﬁcrency as is glven to proﬁtablllty and
'product quahty control. .~ . e S R

.

2.1.2 Outside Staffing ' .
ZOne of the 1mt1al decrsrons is the amount of reliance on outside assrstance such as. consultmg firms or
laboratorres that will be requ1red for the establishment and operatlon of the program. This decision is one g
".which .the manufacturer must ‘make based upon his judgment of in-house capabrhty and availability. If
outside specialists are engaged, a representatrve of- the manufacturer, “experienced in plant operations, .
should be assigned to assist the consultants. This insures that the rationale and intent of their analysis and
-.'recommendatlons are( compatible with process operatrons This staff member will also- be: extremely
valuable in presenting the .program to the. productron and' management staff and m obtarmng the
cooperatlon and asslstance wh1ch will be necessary for a successful pl'O_]eCt
2.1.3 |n-House Staffmg ’
L4 . B . - .
' As the . monitoring program is being designed and implemented, it is essential that the project'leader report
. at a high-enouh management level to guarantee that the production, analytical laboratory, and engineering
.« :functions will cooperate fully. When this is not done, the needs of the: pollution control groups are often
bypassed or given a’low priority subservi€nt to the pressures of darly operating problems. Because of the
- responsibilities of the plant manager in meetmg the requlrements of ‘the permit, it is 1mperatlve that he take )
w»'an active interest in the prolect Lo AR
The number of persons assrgned to the team setting up the momtonng program varies w1dely among
industries. Detailed staffing_cannot be adequately discussed here. In any program, however, a thorough -
knowledge of the manufacturing facility, ‘its operatron and the analytlcal techmques requrred for
‘characterrzatlon of wastes are essentral : R . . . .
2.2 Cost Optimization _ o _ _ :
2.2.1 General ’ '
The basic objective of the monitoring program is. to provide a characterization and undeistanding of the .
water-borne wasté materials being produced by the manufacturing processes. Although regulatory agencies
will only require monitoring of these wastestreams which leave th¥ plant site, it is well established that a
v comprehenswe monitoring' program will locate- inefficient and wasteful operations and lead to reduced
' '.Amamyacturmg costs. In addition; in-plant monrtorlng is essential 1n detectmg changes in process waste lQad
' m sufﬁcrent time to allow cor;ectron before vrolatlons oceur.

v .
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“In planmng for momtormg needs the same pr1nc1ples and process knowledge whrch lead to an efﬁcrent:v '
manufacturing process can be applied to the design’ of an optimum monitoring systﬂﬁ Such planmng prior’ -
to the implementation of a monitoring program will optimize the cost effectiveness of the program while - -

accomphslung its ob}ectl ves. Knowledge is obtained by waste surveys/lghrch‘ provide materlal balances of

te products, To minimi2e the analytical costs and .increase the effectiveness of ‘any.survey, it is .
essentlal to select the proper parameters for measurement.- Although process analysis, ‘wasté surveys,-
ytical considerations, and choosing the proper parameters are discussed separately, in actual practlce .

B they will be closely knit together with each dependmg upon the other _ .. L0 T

-

AMost manufacturmg facrlrtres will be requrred to: reduce therr waste drscharges in order to meet permit . -

conditions. The momtormg system must therefore be des1gned to be compatrble with proJected prodﬁctlon
‘and waste tréatment facilities. It is advisable to consider an m-plant momt&mg system as a portron of a

. . total abatement program” and to'be constantly ‘alert for.opportunities to minimize treatment costs_ whlle‘_
- ‘desrgmng and ‘implementing the momtonng "program, Momtogmg costs and’ treatment costs can be

mmumzed by good waste management. Thus, adequate plan f the initial program will result in cost
_savmgs throughout the momtormg and treatment phases of an eéffective wastewater management program

222 ProeossAnalysrs, S AT S

In“establishing a rnonitoring program, one of the first tasks should be an examination of -the water,usage
- and waste generation characteristics of the manufactunng process 1tself Very often, a simple watet

" .conservation survey can elrmmate unneeded water uses. within the plant even before a formal momtormg
o program is 1mtrated

- ' . - ; .

.



[ L THRWASTESURVEY.

31 Introduction - T Y s
n conductmg a mtonng program descnbed in the prevrous chapter, exrstmg knowledge of" the waste
flow is usually m{ugfﬁcrent to provrde the basis for good judgment. The waste survey provides a matenal'
balancé .of the’ flow of pollutants through a fa(;rlrty Since the savings to be realized from the waste survey
" almost always exceeds the cost _the’ ma_]onty of 1ndustr1es ‘will find that survey expendltures yleld an. :

| excellent return IR . o L . f, :

The drfﬁculty of locatlng sewer llnes and establrsl'ung the manufactunng source responstble for wastes fed o

. Tto each outfall becomes a. t1me-consummg and complex’ problem in- oldet’ fac1llt1es Prplng dragrams are.. .

séldom' updated as. changes -are made over the ye? and these drawmgs must be abcepted W1th this "~
’ 'understandrng and cautlon exercrsed in their use. : ™
Locatron of all perttnent waste sources and gharacterrzatron of the wastes bemg drscharged is necessary. A‘l
' detarled flow diagram wrll.provrde information-on water usage- -and wastewater drscharge\ The total waste
o drscharge can be approxrmated by summ1ng the 1nd1vrdual waste drscharges at each operatton\ ' '
Y ) .
~The amount each- manufacturrng process contnbutes to’ each outfall must'be determmed ‘The quanuty and Y
_ qualrty of waste discharge at each location can be obtained by a mass balarice of each productron process. -
. An up-to-date sewer map will be required to delineate the flow pattern of each. process.-A person cognizant '
.of the physrcal facilities and- manufactunng\process should be assrgned to assist in the location procedures.
“The techmques for determimng flow contributions are vaned often requiring dye. tracing and installation of - °
add1t10nal~sample pornts It is essentral that variations of flow wrth t1me be consrdered ' g :
The completed waste survey wtll grve a detarled plcture of the waste generatton '\mthm a factlrty From thls :
“information thé most promising areas for in-process abatenient efforts can’ ‘be. deterrmned The information _
e from the waste- survey can be used to desrgn the, most economical waste trcatment system as well as- the, '
4most effactwé momtbnng program , S T L : :

_32 FIowSheet T . o D ’\ ‘

' ,'This ﬁrst consideration in the development .of in industrial wastewater survey is a_ review of the entire

- production processes.. A complete picture’ may be acqurred by a materjal- flow sheet of the entire plant,
drawn in sufficient detail to include, for each operation, all- 13w - matertals addrtrves end products,
by-products and liquid and solid wastes. Figure'3-1 is a typical flow dfa‘gtam for tomato processrng showrng
process hnes, sewer layouts and samplmg stations. "~ 7.

¢,
‘e

_ The flow sheet should indicate all primary dlscharges from each process, and the type and fluratron of each ’
" operation. The periods of. discharge per day or week should’ be included showing productron processes -

operated on a-continuous basis and which have a continuous drsoharge of wastewater'as opposed to batch o

- type operations with periodic releases of wastewater. Internuttent d1scharges of wastewater are oftenvery

important sources , of pollutants and should receive. as much Attennon as prunary waste producing L

' 'operatrons

A waste survey plan should consider seasonal and matenal vanattdns mcludmg time perrods of peakl;--'

» 'pollutron loads.* The waste - characterizatiap should identify “all important _ parameters which  yield
 information ‘effecting the samphng and testing ‘techniques to be used, ie:, high concentrations ‘or toxic ‘-

: levels The reqmrements of a useful flow dragram ‘can be summanzed as follows (l) :

Conlg
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) L " e . 4. - .. : S '. . . - L
L D'eta'tled information}'concer'ning each production proces,s should b'e' give'n'.- o
. :-.v T Lo e

Ve .2 The type of operatron should be rdentrﬁed as contrnuous batch or mtermrttent wrth frequency of
e waste releases glvcn forx thubatch and 1nterm1ttent operatlon§ -
. 3. Raw materrals Prodltcts and wastes should be lrsted -_Q T e ) S T
. >47,-The Was_tewater_char'acteristj_cs','suchasﬂ0w,témperature,"~and pH, should also be included-_.’\ o
‘33 Mass'Balance LT .' R ’
s : Followrng ‘the constructron of-a ﬂow sheet the next step is. to deﬁne the amounts of raw, matenals
% addrtrves products and wastes for each operatron. Lo - - S

* When the. amounts of materrals are knovv’n, it should be poss\le to establrsh a mass balanCe fround each
e productron process. From the materials balance the extent of solids and liquids: waste charactenstrcs may be-
. determined. A materials balarice for the entire plant will also‘indicate the amounts of wastes generated and ©
may be obtained by sul?tractlng the amounts of materrals shipped from the amounts purchased. This mass -
“balance acts as a-check on 'the waste quantrtres determiried in the prelunrnary waste survey lt also allows
preliminary estimates of ﬂows and parameters to be measured. ' :

~.’,
-3.4 SewerMap- L o ' ‘ » ' - B}
-, Of prrme,rmportance at’ thrs pornt is the development of an up-to-date sewer - map showrng water,'
: Iwastewater sanitary, storm and drain lines. The dbtarls of the map should be specific. for pipe size, location
, and ‘type of supply ‘and drain connectrons to each processrng ynit, and direction .of ﬂow with locatron of )

roof and ﬂoor drains, manholes catch basrns and control pouis&fned T el

' " In order to determrne the sources of wastewater in sewers, it § frequently convenient to add a tracer to the '
wastewatgr in the outlet of a production unit. By plotting the flow of the tracer itis possrbl&to establisha .
sewer map. Comimonly used tracers are dyes, ﬂoats and §moke S SR

c < J‘ o - . L . [ ._/_ . . ‘ . .

, 3.4.1,Dy‘es : o T '_ B

L
N

' Many different dyes* are avarlable as: tracers such as methyl orange mgrosrne ﬂouresceln or rhodamrne. ;

“B”, The usual procedure is to add about 10. grams ‘of powdered-dye to a bucket of water, mix, then pour . '

the. fluid into the sewer at the source of the waste. The path-of flow is determined by observing the dye at..
_man holes and outlets. Methyl orange is red .in acid solutions’ and yellow in alkaline solutions. Nigrosine
imparts a-black color to acid and alkaline wastes. Fluorescein sodium salt gives a brilliant green color in

* alkaljrie solu,tlon but | gives no*color in acid solution. Rhodamine. “B”-in high- concentratrons -imparts ared’
’ color to the Water but i in low concentratrons does not, yield a visible color. It has the advantage, however, of -

‘being detectéd i in extremely low concentratrons by ﬂuorometnc’techmques

[}

.3.4.2 _Floats : s ' S S .' o : ) - t i LT,
Wood cths cork ﬂoats stoppered bottles ‘oranges, etc., are all usable ﬂoats for the determination of the
flow path in a sewer. e '

~

ERIC
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e whiich contribute wastes BURES .

: quantrty and qualrty

L

;-:3.4'.3Asri’16k'e7 T N el

i

".Smoke is often useful in tracrng in reverse Smoke released from a bomh at ‘an outlet can be traced back
.-through the l|ne to the. productlon umt connected toit.” - _ . N

4.1,.;

i -
- - -

i'~ i

After establrshrng a materral ﬂow sheet and a sewer map, locatron of the samplrng statl’ons should»be
‘determined. A desirable- feature of the samplrngstatron is that.the flow be known:. If the flow is not known, -

o _itzmay be estimated- by use of: a flow’ ‘measurement device or other methods described . |n Chapter. 7.

S'uff‘crent sapipling statrons should be establrshed to determrne the waste’ load at all of the ‘major processes
. \ . ) . - . . - . .

Prelrmrnary sa}nplrng throughout the plant should |nd|cate the locatron and mrmmum number of samplrng
- stations. “Care must- be taken not to overlook srgnrﬁcant sources of pollutron lmportanP factors to be

cons|dered m’selectrngthe samplrng statron are: e L.

L The ﬂow ‘of- the wastestream is known or can, be estrmated or measured I
2.0 The samplrng statron should be easrly access|ble wrrth adequate safeguards

- . . .«

3 _The waslewater should be well mixed. L e
rlnt stati

A

o -

It is often convenient to comb1ne aﬁ’o/w measure
“used for flow measurrng, the sample is usually weH mixed.

\Frgure 3-2 presents an~example of a sewer map wh|ch ﬁeprct the \ tewater samplrng ‘Stations for a
] colnplex petrochenucal industry. A descrlptron of each samplrng stat' n n(grven in Table 3-1, Note that all‘ )
Bk major wastestreams are sampled :

. 3 . . Lo
L -c . —_ - . X
N . .

RN ‘r

When it is not, possible to collect samples from a sewer line of a productron unit, a mass balance around the

: 35 J-ocatrpn ofSamplrng Statrons '~°. o _ o . T -

werrs are used, the waote'water is not o
' necessarrly well mrxed since solrds tenﬂ to settle and ﬂoatrng matesT passes over ‘the werr

point of discharge may- give an indication-of waste production of ‘the particular process. Sampling stations -

~.may be located in the sewer upstream and . downstream from. an' inaccessible d|scharge connection.
Subsequently,a mass balance around the inaccessible discharge . “will allow an’ accurate estrmatron of the_

srgnrﬁcant parameters of the productron unit under mVestrgatron

-

.

complete system-and to maintain ‘compliance with the - standards. of regulatory dgencies. However, to

- maintain consrstent operat|on of the treatment facility, sampling should also-be performed on the unrt' )
. operations Within the plant such as the flow from a'primary .clarifier or an actrvated sludge process The -

residual ‘waste products, such as sludge frpm a wastewater treatment plant also must be momtored for

,When a plant is proposmg to drscharge its wastewater into a mun|c|pal sewer, it"is necessary that the .
. discharge sewer or sewers have easy: access for samplrng When a manhole is not avarlable for samplrng, one-.
should be installed. o L o s

» ‘When samphng an industrial wastewater treatment plant mcludrng pretreatment facllrtres the: quantrty and'- '
‘quality of both the influent and efﬂuent are of major Zimportance in order to assess the performance of the

'S



vqsrc TREATMENT. PLANT
o EFUBIT

N e G.EFIN coommmmmmm

|._..-...........- i old .'- o Bolld !bwdm. Crocbr chohlnq |
Mmmm mm R

ulme Aui —-W-“' |

T e o

To Injocilthll
. J" , Vol 4 ...' NG MR T‘MATE :
A - = un smmm -

e Y P o e, ] Bhsposat
Holhq — 'le&m. @ v

"-\ML’-—-- -'w . Rﬂl“ Of 'o
8 ; o |l ..'\L.,'.

- Degp Wl
R ln]octlon

@ Sompllnq and .

Mmurlng smlons . C vINg™S

SR Flgure3-2 EXAMPLE OF WASTEWATER SAMPLING STATION LOCATIONI
-7 COMPLEXPETROCHEMICAL mousmv (2)




° R | TABLE31 ,, | s o
L SAMPLING STATION DESC IPTION\ B
o SampllngPom‘t o ’ , ':. t : : N R - v ‘
- Designation ] R oes'cription ‘
“NETWORK w o ) |
l - S . Hexamethylene diamine area'l l '. .. - : & T
2 . o “Acid sump and column bo.ttoms‘(lneutrali:zati'on.)‘
B 3 : : 'Adipic 'acid Prodnction-ar'ea" _ o ] 7,.F | . | ‘
4 . ~ Total network “A ﬂow(APl Separator effluent) ' .:»
4 NETWORK “B" (Butadiene, Oleﬁn Production Area,Outslde lndustry Stream,Blowdow}r Coolmg Stream,‘
' Mrsoellaneous Streams) e ‘ o R T
s o ) _’,Qutslde 1ndu‘stry‘wastestream S a ‘, - ‘ !
6r o -_ 'xButadlene productnon area (APl separator efﬂuent) )
: 7 . . | ; 0uts1de 1ndustry waste stream (manhole)
- 8‘" - -FOIeﬁn productlon area (API Separator efﬂuent) \
A ‘9 - _‘ : 4 Four through Seven flow plus blowdown ammoma process water- |
10 S T:otalﬂow - e e
ll '.I‘otalflow"’ o . y
L ,. Nl'ETWORK “C" (Treated Sewage Efﬂuent) ‘
" 12 _.Treated sewage effluent (sampllng port) I "?_-'t'
13 . “ . .' | Mumcrpal treatment plant efﬂuent : L .
;‘ ‘.' 14 ' “C‘atalys’t washmg area, surface ru‘noff'(open d1tch) '. o 8 ’
;.'15 - - .. - '.Flare»plt settling pond overflow S N a - ,:
§ 16 | l","Upstream recei‘rring water - | ‘4 J
17 | f " Downstream recelvmg water ) L . o o ‘ ;
18 B o _‘ Nitric acrd stream (sampled at Flare Pit Settlmg Pond) R
» oo 23




.3, 6 Coordmatlon with Productron Staff R

A wastewater survey may. be cons1dered a mhsance to sopne productron staff members Some manpower has
to be allocated to the survey to ‘install apparatus, and fo. report batch dumps, spills, etc. By providing the -

- productron staff 'with all available 1nformatron about the details and necessity of the : survey, a large part of

A

iy the irritation.can be prevented and a: cooperatrve attitude expected Dunng the survey,1t is unportant that - :

the’ productron staff recognize -the necessity of* mamtammg a “‘normal” productxon schedule. No waste-
abatement measurements should be 1ntroduced during the’ survey by individuatactions. Water SplllS wasti
dumps and overﬂows should occur w1th the same frequency as would normally occur.

B

Personnel responslble for the wastewater. survey should be reheved of all other assrgnments dunng the

" . samphng prOgram The time intervals and .other- circumstances peculiar to the sampling prbcedure requrre

2 “Eckenfelder W\W Industnal Water PoIIunon ControI McGraw Hrll 1966

" constant attention of the 1nd|v1duals performmg this task. When automatic samplers are 1nstalled someone
- should be available to maintain the apparatus and replaceé the sample containers. When the plant operates
on a continuous_basis, the sample collection’ perrod should continue for 24 hours otherwrse the sample
~ collection should last as long as the plant operatron including plant cléan-up. The' production staff should -

: mform the personnel assigned to the wastewater survey of the occurrence of wastewater dumps from batch
. and intermittent operations. ﬁjor spills should be reported .and noted in order to- enable a proper
: -eva]uatron of the results from wastewater survey S : .

S
o
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: o Chapter4 r :
R S PARAMETERSTOBEMEASURED

a.-l‘é.ln'troducﬁon-f" e e e

e oV . X ‘ X ! X e

-~ A, major 1tem in’ mtonng system w1ll be the costs for analytlcal measu,mmdlts There are several.

e-consumning and relatively expehsive. ln many cases, the regulatory agencies. will :

- of a less expensive analytical techmque if the parameter requiring the Jmore
expensive analysis can- accurately inferred from the srmpler analysis. ‘An example of this would be-the-
substitution of COD XC emical Oxygen Demand) analyses for-a portion of the BODg (5-day Blochemlcal
: Ox}gen Demand) anaptyses if it can be shown that a satisfagtory cortelation- exrsts ‘between the two* :

parameters. This wi requ1re dlSCLlSSlOﬂ with: the appropnate regulatory agyncy, but should not be -
.overlooked. ; .

approve a subsfituti

. For other ‘than outfall monitoring, the selection of parameters is subject only to'the requtrement that the

~ - control be such that effluent quahty at the outfall is within the pérmit speclﬁcatlons It is here that a

-, strong effort should Be made to find’ inexpensive analyses which can provide quick, accurate’ and correct

information of thode parameters requiring more expensive analytical techiniques. Promptness of analysis is

*. ‘quite- 1mportant nce having the results for.early action will greatly simplify control’ requirements. -As-an

. example, condu tmty can sometimes be used as an indication™of total dissolved solids. This is a sunple .

measurement, aRd one wh1ch gives immediate results. It is absolutely’ necessary, however to obtam a.
'correlatlon between ique apd the standard techmque for a specrﬁc waste T

Another techmque*rs the usg ‘of profiess measurements. as an mdrcatxon\and warning of abnormal waste
loads. Operator’ training in the effects pf the manufactunng process on the waste ‘system can often be more
effective than an elaborate monitoring systém maintained ‘outside the manufacturing process itself. Thus, -
those variables in a process which can indicate an abnormally heavy waste load 'should be, recognized and
- any variation in that direction used as -a warnifig.-A- change in pHin a preclprtatlon or chemical rinse tank
for example may mean, that an upset has occurred which will result in an increased waste load. If the -
.~ production staff are ‘trained to notify the waste. treatment operators, prompt “action may be taken to.
' prevent senous consequences l—hgh level alarms on tanks can warn of possnble overﬂows to sewers.’
The above . drscussron 1llustrates how processors can’ minimize their own m-plant momtonng costst
‘Naturally, the use of the substitution measurements must be approached with some caution and sufﬁclent
* evidence of their effectiveness i in measuring primary variables should be obtained. It must be. stressed that
the manufacturer ‘will be responsible - for ‘the quahty of discharged waste and that the use of in-plant.
controls which do’ not adequately reflect the pnm / parameters specified on the penm;;t may result in -
vrolatlons e > : S ’ o ; S

.. .
. a . -

42 Undesxrable Waste Charactenstm B o , s : ' e
. Undesrrable charactenstlcs of mdustnal wastewater which may cause problems in surface waters, mumclpal
. “sewers or treatment plants are summanzed in Table 4-2 and d1scussed in detail in th1s sectron

,

B N ,

o
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' IR TABLE 4-1 Tt
.'l : : N -»"'\'—
SiGNIFICANT WAS’I'EWATER PARAMETERS .
FOR SELECTED INDUSTRIAL CLASS/FICATIONS
. GRQUP l‘ R -‘_;.5. ., o GROUN12 ~
ALUMINUM lNDUSTRY* . . oot
~A> :~. > -_..'r ‘ e
Suspended Sohds T RS ' Total Dlssolved Solids -
- FreeChlorine - .~ v+ . " - Pheriol, -
‘ﬁﬁonde lv".,‘. R A}ur_nmum T
Phosp'horus ~. ) ‘. R o -. . " , L 'ﬁ‘,' / .- B
OxlandGrease\ . RS U, . L
pH o S
AUTOMOBILE lNDUSTRY"'; R
Suspended Sohds g AR COD .-
Oil and Grease - * '+ . _Chlorides a'
. BODs- ' B Nitrate’
Chromlum S . Ammonia
Phosphorus o ',Sulfat'e T
Copper - ' - 4 = Lead |
Nickel’ oo .~ Cadmium - = -~ -~
‘. lIron " R " Total Dissolved Solids
ZinC '# oo, > o ’ : . ‘..; : .
‘Phenols - .
BEET SUGAR PROCESSING lNDUSTRY '
BOD 7 . Alkalinity
. pH - o - Nitrogen, Total . -
Suspended Sollds Kk . ' ' Temperature
~ Settleable Solids . - - ) Total Dissolved Solids
. Total Cofiforrns K - Color
"+ Oil and Grease _ Turbidity
' Toxic Materials - l:“oam
D. BEVERAGE lNDJJSTRY R T ' '
,BODS Nitrogen -
. pH . Phosphorus .
Suspended Solids. , "o 1 Temperature o
~ Settleable.Solids . .- ' Total Dissolved Solids - .
Total Coliforms -~ * “Color . '
. Oil and Grease . . . Turbidity
~ Toxic Materials ST Foam
. o ) R . |
‘ o.'- N r »



'E. CANNED AND PRBSERVED FRUITS AND VEG*BLES INDUSTRY‘

. BODg a S : Color- .
cop .. T -" " Fecal Coliforms
pH o Phosphorus total -
~Suspended Solids - . T I T Temperature :
- Total stsolved Sohds o,

__F. CONFINED LIVESTOCK FEEDING INDUSTRY* . ~ -~ = .-

-BODS o ' S o "+~ Feca Coliforms. -
CcoD S o " - "Nitrogen
Total Solids. - =~ .- . .~ -Phosphate. |
PH LT T e
G .DAIRYINDUSTRY‘ O . -
BODg e 7 Clorides | -
-.COD . L : _ - Color * .
L pH. : ' oo .- Nitrogen
. Suspended Solids - ¢ Lo S . Phosphorus’ o
v R L ... .- . " Temperatute = -
- LU N v_TotaIOrgamcCa(,bon
R Tur_bldlty

H, FERTILZERINDUSTRY* . . . . " .. 7 o
o ,jI}Vfirogen Fértilizgrllndustry'.' ' g ) LT .. : o

Ammonia . - . Lo Sty Caleum ., , \'
Chloride =~ . - . = 0. s oo to€OD -l
Chromium, Total - . F ,.GasPunﬁcatlon Chemlcals .

. Dissolved Solids ~~ ~~ . . " 7. . lom;Total . .

" Nitrate -, . .- o oo .. ‘Oiland Grease .

CoSulfate T

.*Suspended, Solids © e e o Phosphate

.._Urea,&OtherOrgamc S 5 ‘%} . . Sodium: .. ) o

ounds* " * . ‘ T rature' EEAETEIPEL
."Nitrogen Comp ds’ s e | "Il‘empe“_.. 5

Zinc: o ‘@“% ;
Phosphate f‘extjlﬁer Industry | - - B g— - U
Calcium - I _ o ‘ ACldlty IR
. Dissolved Solids - -~ -~ .. ' IR Alummum ‘ '
. Floride. - .. 0T et Arsenic.
e }5H N PR . s AN - . .. Cdron .ol
e ! Phosphorus T e o T Meraury, s YT
s Suspended Solids . x+ . - 7% .t . Nitrogen' . "
e Tel’nperature o E S Tee 0T T Sulfate -
' ' S ‘ - Uranium. ~ -




: ;Cér‘r'xen't, Concrete, Lime and Gypsum.

3

~ Temperature

FLATGLASS CF.MF.NT LIME, GYPSUM AND’ASBESTOS INDUSTRIES

Flat Glass

COD .
P
Phosphorus :
Sulfate.. .. - o
Suspended-Solids =~ .

.coD

pH
Suspended Solids
- Temperature

Asbestos

.BODg’
‘cCoD
pH -
Suspended Sohds

GRAiN‘MlLLlNG INDUSTRY*

- BOD;

Suspended. SOlldS Ce
Temperature

’

™~

'COD
. pH .

. BOD;

Ch[omates ‘

. Zinc
. Copper

Chromium T

- hon
Tin -

Silver =
Nitrates _
Otganic and Inorganic

o Waterbreakmg Chemicals’

Synthetic Resins o
Total Dissolved Solids (

’

. Alkalinity
.. Chromates
- Phosphates
.Zinc .
© Sulfite . :
Total Dnssolved Sohds :

. Qhrdmates : '
- Phosphates

Zinc 3 /.'

CSulfiter o X

Total DlSSO ved Solids c*

TOC

o Total Dlssolved Sohds

K INORGANIQ CHEMICALS ALKALIES AND CHLORINE INDUSTRY"'

Acndlty/Alkahmty
. Total Solids 5 -

" Total Suspended Solids |

" Total Dissolved Solids -
_Chlorides e
Sulfates ' R
e '

BOD;
CcoD”

-TOD.

Chlonnated Benzenoids and
Polynuclear Aromatics

Phenol -
- Fluoride



K. lNORGANlC CHEMICALS, ALKALIES AND cm.omm: INDUSTRY‘ (Continued)
. .
thcates L
. Total Phosphorus
" Cyanide - '
‘Mercury
s . .- Chromium -
. e ‘ . Lead .
S co.o.s - .77 Titanium
) L o oo o ~ Iron.
o o 4 o -~ Aluminum
Lo A " . Baron
’ 4 S . Arsenic
o - Temperature

L. LEATHER TANNING AND FINISHING mgusrnv*f'

- BO g - . Alkalinity .. I
cop ™ e oo« Color .

) Chromlum,Total S L ‘ » ~ Hardness - - o

i ‘Grease - . o a .wen e .\)

" pH . I o SRR - odium Cthnde §
SuSpended Sohds T : TR e Temperature SR

,Total Sollds T Lo © . Toxicity:.

M. MEAT PRODUCTS lNDUSTRY | e

‘BODS o S - .7 .. Ammonia
pH: W o - Turbidity =~
Suspended Solids -~ - . . .’ Total Dissolved Solids-
Settleable Solids . - . .7 Phosphate - ‘
 OilandGrease ~ ..~ . - . 7. Color
‘Total Coliforms e 4 o ‘ : '
“Toxlc Materials * o

N. - METAL FINISHING INDUSTRY

oD .
Oil and Grease T . S
Heavy Metals oo ST L.

Suspended Solids, - o ’

Cyanide . .

0. ‘ORGANIC CHEMICALS INDUSTRY" ‘

BODg B ©TOC :
‘con A S Organic Chloride
pH . . S e L Total Phosphorus
Total Suspended Solids - } S T Heavy Metals
4_'Totgl‘D1350]ved Solids -~ . . " Phenol

- Free - Floating Oil ’ S Cyanides , "y
o ‘ . - ' ; “ " Total Nltrogen v
- ,4‘0ther Pollutants




P. Pl-ﬁ'ROLFUM REFINING INDUSTRY* .
Y Ammonmial - .7 . - .0 . . Chloride v .
BODg ~ ' . . o Color- i
© Chromium,k - ST . . Copper -
cop . AT " “Cyanide
U Oil,total .\ - T o Iron
pH, .\ A : " Lead _
Phenol . .} . SR R Mercaptans o
Sulfide’ | " S - TR . Nitrogen
Suspended Solids - - S . Odor o
" Temperature R _ o+ .- Total Phosphorus
- Total Dissolved Solids - LT Sulfate :
o L . Toxicity

(T . : . o .. Turbidity’ '

\ o .. Volatile Suspended Sohds
I o ' o ’ ' 4Z|nc

Q _ PLASTlC MATEI\UALS AND SYNTHETICS INDUST RY

BOD '_\ S L

cop L. b ST Total Dissolved Sohds

T

Total Suspended Sohds L Sulfates

~Oil and Grease [ o A . 'Phosphorus

Phénols . . . SR : ~ Nitrate .

: ‘ | - R - Organic Nltrogen
Ammonia -

o . o : : - Cyanides’ Sl
\ S S * Toxic additives and materials . -
. ', . .- 4 " Chlorinated benzenoids and
S ‘ - polynuclear aromatics .
Zinc 4

* - Mercaptans

R." PULP AND PAPER lNDUSTRY\

-‘BODSj_ L . ; Nut.r,ients (nit[ogéﬁ and
o \ . . . .. phosphorus) .

CcOD

T0C L A g Total Dissolved Solids . -
. Total Suspended Solids ' ' o L A

Cohfonns,totalandfecal Ly
- Color. . -
* Heavy metals
Toxic materials
Turbidity
Ammonia -
- Oil and Grease
"Phenols '

s Tl




PR

'S, ST EAM GENERAT[ON AND STEAM ELECT RIC POWER GENER.ATION' B

- BODS / s ‘. - '. . '“, . /' :V . .". o BOl'Oﬂ ,
" ~.Chlorine ; _ R AL _ 'Copper
~Chromate | . o T rem ' :
ol o . e . Non-Degradable Orgamcs '
pH . . 7% . Total Dissolved Solids .. .
- Phosphate. - © At -ch : ~
- ‘Suspended Solids. - . . o L
Temperature o SR
.

T.,_-.'\ STEEL'NDUSTRY E N . L — _ N

OllandGrease S L SR :
L pH . . . w~'."‘, . ,.’ .!.”.; ) . : . ~
.. Sulfate - -~ . . R . e
Ammonia ' ' - IR .
. Cyanide . L v A Lo e
Phenol - - - I o S
.Suspende,d Sohds ' e S -
- Iron R S o S :
Tin B L o T
Temperature - : _ : . ‘
. Chromium - = - b oo ‘[ﬂ’ Coa
Zine - o . , ‘

"U.  TEXTILE MILL PRODYCTS INDUSTRY

LUBODg L e HeayMetas <
cop” . - Color ,
- pH e R I oil and Grease = .
Suspended Sollds o U * - Total Dissolved Sohdsv
Chromium o e - Sulfides _
. Phenolics -~ ¢+ S - ; " Temperature. .
. sulfide . S . Toxic Materials .
‘Alkalinity L ' - o o

'4
~

wGliidlineﬁ fc}r_ these industries not’ currently éi;éil'able at time of publi‘c.éti'or_'\.'_ '; I

) ‘Group I consnsts of the most slgmficant paxameters for whnch el‘ﬂuent Iumts will most often be set.

3 ZGI’OUP 1 consuts of some addiuonal parameters (or whnch effluent. Iumts can be set on an mdmdunl basls.
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s 421 SolubleOrganm _

A\

0.

1.

12.

13... Radroactrve materral.

l4"

. 's‘oluble organics causing drssolved ox_ygen‘ deplet_ron in streams and estuarres.‘

-SOluble constituents that. r’esult'lin' »tastes and odors 1n _water'_supplies.
'.Toxrc matenals and heavy metal ions: N .i o . S \——\
Color and tl.H’bldlty -

o | Nutnents-Nttrogen Phosphorus and Carbon

’_ ACIdS and alkahes o Ty

‘Pathogenic wastes.

TABME42Z

L4

UNDESIRABLE CHARACTERISTICS OF INDUSTRIAL WASTEWATERS

T

—

i Refractory matenals "

. 1011 grease and 1mrmsc1ble hqurds

#

' Substances resultrng in atmosphenc odors

' 'Suspended solids resultrng in sludge deposrts in sfreams. ‘

y >~

Dlssolved sohds

. Temperature causmg thermal pollutlon

\

RN

Soluble, degradable orgamcs cause utrlrzatron or depletron of drssolved oxygen by the actmty of aerobrc o
bacteria., Most industrial wastewaters contain some soluble organics. Examples are the waste liquors from
pulp mills, cannifig plant wash effluerits, meat packing wastes; textile scouring and dyeing effluents, md'l'(
product wastes and ferrhentation wastes. The quantity of soluble. organics can be measured as BOD, COD,
TOC (Total Organic Carbon), and TOD (Total. Oxygen Demand) The measurement of these parameters and

their mterrelatronshrp is dlscussed in Chapter S.

’

4 2. 2 Soluble Constrtuents that Produce Tastos and Odors e

Tastes and odors may be asSocrated w1th 1) dccayrng orgamc matter 2) lmng algae and other m1croscop|c
organisms containing essentlal oils and other ‘odorous cOmpounds 3) iron and mangariese and other metallic.
~ products of corrosion; 4) specific organic chemicals, such as phenols and mercaptans 5) chlonne and its
substrtutlon compounds and 6) brologtcally nondegradable synthetlc organics. - o : :

\.'.

&

Phenollcs are a speclal nulsance in drmkmg water supply, partlcularly after chlonnatlon because of the very
low concentratrons (<2 ppb), which result in taste. and odor detection. Petrochemrcal discharges and liquid
wastes'from the manufacture of synthetic’ rubber, often cause taste and odor problems e g sulfides cause
odors in concentratlons less than a few hundredths of amgfl. .~ . , "

B

,:-32? .

N
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‘ 4Toxic‘lld._aterials'and l:leavyllMetal lons "~ - : L

423 Toxic Materials and Heavy lons :

Examples of heavy metals are- mercury, copper zinc and lead EPA is currently preparrng a llst of toxrc ,.-‘
materrals whrch wrll be avarlable in 1973. B S oo .
b . N

LLE . . . . -

For btologlcal waste treatment plants the maxrmum tolerable concentratrons of toxic materrals have b’e\en,

E - reported for many, materials. Occasiondlly, treatability studies have to he made to determine the makimum -

allowable concentratron of the toxic substance in a hrologrcal treatment system. In general, the threshold '

_ toxrcrty levels for brologrcal treatment systems are higher than the allowable standards for surface. waters. .
N Establishing maxrmum "concentiations for toxicants jn: brologrcal treatment plants. is’ useful only if the.
.. -amount of toxicant is fediced during the treatment, as'is ‘the case with- phenols. Often it'is necessary to.

- detrease the concentratron of the toxic matenal by pre-treatment. However, it is necessary to guard against
“ the so-called synergistic effect of certain materials. One plant may be allowed to discharge zinc below the

toxic level while another- plant may be allowed to do-the same with copper. The resulting combrnatron of
both discharges wrll have a synergrstrc effect and may cause brologrcal detenoratron in-the recemng stream-_ v
o the munrcrpal treatment system AR ST L

: Ammonra nitrogen is present in many natural waters in relatrvely low concentratrons whrle rndustnal o
streams often contain exceedrngly high_ concentratrons of ammonig. Nrtrogen in_excess of- l600 mg/1: has -
proven to be inhibitory to many microorganisms present in'the actrVated sludge basin. Sulfides are present_

“in marly wastewaters either as a mrxture of HS" st (dependmg on pH) sulfonated orgamc compounds or

_ 'metallrc sulfi des _ . A , D

¢- . The mﬂuence of heavy metals on biologrcal uniit procgses has been the subject of nlany 1nvest1gatrons..
Toxic thresholds for Cu, Zn and-Cd, have been establrshed at apptoxunately l mg/ 1.

424 ColorandTm'brdrty . " ‘

Color and turbrdrty present aesthetrc problems. Low concentratrons of compounds such as lrgnms and :
. tannins will rmpart .color to natural waters and may be: intensified when combined with other materials. An '
. example of this i is iron and tannrn which combine to form 1ron-tannate-a common, base of blue-blaclc ink.
B Y
It is possrble to dnfferentrate between the’ true’ and apparent color of a sample True colo: rsdue to matter -
“which is in true solution while apparent color includes the effects of matter in the Suspended and colloidal -
" states as ‘well. Examples of true color constrtuents ate soluble dyes used in mdustry Constrtuents which
cause apparent color are usually fi nely divided meta] hydroxrde particles. '

N

E _4.2.5 Nutnents—Nrtrogen and Phosphorus’-. U AT .
" When efﬂuents are drscharged ‘into lakes ponds and surface streams, the presence of nrtrogen and"
~ phosphorus s particularly undesrrable since it enhances eutrophication and stimulates undesirable algae
growth. Industrial wastes containing 1nsuff cient nitrogen and ‘phosphorus for biological development in
 waste treatment systems require addrtron of these nutrrents rn forms such as anhydrous ammoma and
: pl'lOSphOI'lc acrd T ‘- o o
"The chemrcal form -in wluch nutrrents are present may drffer and - vary wrth the degree of treatment _
' Nrtrogen can be present as ammonia, nitrate, “nitrite and organic nitrogen in the form of proteins, urea and
- amino-acids. Phosphorus can be present as ortho phosphates (for example Na3(PO3)6) or. orgamc -
‘phosphorus ) .

N 2 S
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426 RefractoryMatenals. SR R

R

Refractory matenals dre resistant to brodegradatron and thus, may be undesrrable for certaifi water gualrty

~ requirements. Alkyl benzene sulfonate (ABS) from detergents is substantraIIy nondegradable and frequently
. causes a persrstent foamin waste treatment systems and watercourses.

v oo . T
e e . T .

427 oil Grease and lmmiscible Liquids o o S A
" oil, grease and immiscible Irqurds can produce ‘unsightly condmons ar’ld in most cases the quantrtxes
‘permitted in- wastewater are restncted by regulatory agencies. In sewer systems the presence of oils and

- immiscible liquids, such as naphthene and. ether, may. cause' explosive conditions. Wastes from the
meat-packrng mdustry, Jparticularly where fats are mvolved from the slaughtering of sheep and cattle, have

resulted ‘in serious decreases in the capacrty of sewers. In treatment plants, wastewater with a hrgh grease -

. conitent may cause trouble with aerobrc brologrcal treatment _

- . . .
-

The term ‘grease, apphes to a wrde vanety of orgamc substance? that may be extracted from aqueous

solution or suspension by hexane. Hydrocarbons ésters, oils, fats, waxes, and high molecular Werght fatty _"

acids are the major ‘materials: d1sso|ved by hexane These materials have a greasy feel” and are associated
wrth problems in aerobic. waste treatment. - '

i
i

Fats oils, and waxes are esters. Fats and oils aré esters of the trihydroxy alcohol, glycero}; while waxes are
esters of long-chain monohydroxy alcohols. The glycerides -of fatty .acids that are liquid at ‘ordinary |

temperatures are called oils and those that are solids are. called fats.- The term, oil, afso represerits a wide -
_ variety. of substances ranging from low to high molecular werght hydrocarbons of mineral ongm spanmng i

the range from gasoline through heavy fuel to Iubncatmg oils. - . '
. S L.

It shouId be emphasrzed that orls and greases of vegetable and’ ammal ongrn are generaIIy brodegradable
and in. an emulsrﬁed form, canbe successfully treated by a brologrcal treatment facility . On the other hand,

oils and greases of mineral origin may- be reIat1ver resistant to brodegradatron and will reduu:b removal by
methods other. than brologrcal treatment. Unfortunately, a satrsfactory method of drstrngurshrng between .

orls and greases of vegetable and amma1 ongrn and those of mineral ongm isnot readrly avarlable

-

A

weakly mineral acids 'hydrolizmg sattsand mineral ac1ds Mineral acids are probably the most srgmﬁcant
group. It is drfﬁcult to. predlct neutrahzauon requirements when diverse forms of mineral acidity are

.prevalent. Microbial §ystems may reduce acrdrty in some instances thrOugh blologrcal degradatron of organrc :

acrds. S :.; s

Alkahmty, or the abrhty of wasteWater to accept protons is srgmﬁcant in the same general way as acrdrty,f
although the biological degradatron process does offer some buffer- capacity by. furnishing carbon leX|de as

..a degradatron end-product to the system. Alkalinity can be due to the presence of HCO47,CO4 ", or OH It

has been estimated that approxrmately 0.5 1b of alkalinity (as CaC03) is neutrallzed for each lb of BOD
removed Excess- alkahmty often has to be rem&ed by neutrahzatron = , . : '

R < B . . -
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' ‘.':4.2.13 Radioactive Material'

. _ 4.2’.9‘>'S’ub5tances Res@lting in Atmospherlc Odors ‘

R -

.

Hydrogen sulﬁde and other volatrle materrals may create air pollutron problems under appropr1ate
" environmental conditions. Typical examples are sulfides and ‘mercaptans from tannery and kraft pulprng

[o\peratrons T e

-

4 2 10 Suspended Sohds - :
posrtron of solrds_rn qurescent stretches of a stream will 1mpa1r the normal aquatrc lrfe of the stref -

udge blankets contammg organic “solids. will undergb progresere decomposition resulting in oxygen

?depletron and the production of noxious_gases. Identical’ problems may resnlt when, excessive suspendéd

solids are discharged into munrcrpal sewer systems. Suspended solids are normally determined as:an organic’

- and an 1norgamc fractron The organic fractron is generally drstrngurshed as that portron wluch is: volatrlrzed :
- or oxrdlzed at SSO“C " < .

”
"

%

«'»4 2. 11 Disolved Solids

< e

" treatment of the wastewater has little effect on’ the dissolved solids content Bn){grcal treatment systems

i -are vulnerable to concentratrons of salt above 10 OOOmg/ 1.

C .

“The concentratron ratro of potassrum plus sodrum and calcium plus magnesrum becomes of partrcular.-

'4.2‘;‘12'Tem‘perature‘ B o @ T

interest if the wastewater’ 13‘}9 be used for spray rinsing. The tolerable. amounts of sulfates in sewers is also

* limited because of therr corrosive actron on concrete and: metal sewers as 1nd1cated by the followmg
) brochemrcal reactron : . :

o so:;; sto4

SR
vl

- - . . v B r"’!,

" The- addrtron of heat to surface waters may have deleterrous effects A temperature orncrease may cause a
decrease 'in the waste assrmrlatrve ability of the surface waters. Drscharge of heated water to a biological -

~waste treatment plant may have an advantage since. bacteria actrvrty mcreases at lugher temperatures with .

~ speed froniradioactive matter. Once emitted in air at room temperature, alpha- particles do not travel mut:h ‘

the optrmum temperature Usually between 30° and 37° c.

oa

Radioactive materrals can enter a sewerage system or surface waters due to the activities of nuclear reactors
and by.uranium ore mining and Leﬁnmg Regulatory agencies have establrshed standards for the maximum

-‘ allowable concentratrons of radroactrve materrals in surface waters. "~ LT

\ : e
. RS . N .

i 'lt is /gossrble to drfferentrate between the following three types of radroactmty ;- B, and Y- Tays. Alpha rays

consist of a stream of particles of matter (doubly charged ions of helium with a mass of 4) projected at high

more than lOcm These part1cles are stopped by an ordmary sheet of paper

. ) . S . :

‘Beta rays consist of a stream of electrons movrng at speeds rangrng from 30to 90 percent of the speed of o
light, their power of penetration varying with their speed. These particles normally- travel several hundred - -

feet in air and may be stopped_with aluminum’ sheeting a few millimeters thick. Gamimia rays are true

electromagnetrc radratrons wluch travel wrth the speed of light, and are similar to. x-rays but have shorter

b
n

I S o - b
.

sl ..;‘ . o

anaerobrc f. : aerobrc T o

. Es

Many 1nd|.étnal wastes contain hrgh concentratrons of drssolved solrds and these’ drscharges mto surface " B
waters :may limit the subsequent use of the stream as drinking or recreational waters. Conventional |



wave lengths and greater penetratlng power Proper shreldmg from gamma rays requrres several centrmeters -
of lead or several feet of concrete The unit of gamma radiatlon is the photon _

-

’ 'Radroactrve matenals commonly used in tracer studies 1rl\research in brology, chemrstry and med1c1ne are -
the isotopes of carbon (C ) and iodine (l ). In séwers and waste treatment plants certaih isotopes, such
as radioiodine and radrophosphorus accumulate in brologrcal slimes and sludges N

- 4.2, 14 Path'ogenrc Wastes' - P

Wasthaters ‘that contarn pathogenrc bacterra can ongmate from; lrvestock productron (cattle poultry,
_Swine, lab anrmals) tanneries, pharmaceutrcal manufacturers and food" processrng industries. Pathogenrc
bacterla in wastewaters may be destroyed by the process of chlorrnatron R : .

o
r

-'..The bact‘enologxcal safety of a wastewater is normally measured by the number of fecal’ coliform bacterra

¢ present. Coliform bactena are not _pathogenic but are an indication of the probahrlrty that" pathogenrc
‘badteria are. present. Examples of pathogenjc bacterra are Salmonella, Shigella, Leptosprra and Vibrio. To
"_this group of undesirable pathogens also can ‘be added the enteric vrruses and parasrtes such as Endamoeba
hxstontrca ' .

e
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B T Chapters'-» |
L ANALYTICALCONSIDERATIONS

-4

51 lntroductron L _ .
c -I‘_.. . N } ‘ .

_Good analytlcal procedures are of the utmost unportance ina momtonng program The bamc references for '_
. wastewater ‘analytical procedures.and techrﬁues are the EPA Methods for Chemical Analysis of Waterand

Wastes, Standard Methods for Water and Wastewater Analysis, the-EPA Handbook for' Analytical Quality
_Contro] and the ASTM 'Standards listed as the ﬂrst four references at the end of this chapter. These

references_should be. ‘consulted before begmmng any analytical tests. It is the purpose of ms chapter to

. dlscuss the basrc prmcrples of the tests. only. . : =

Frgure 5:1 presents the overall scheme of wastewater analysrs for momtormg purposes lndustnes havmg -.

extensive analytical ‘capability will experience little drfﬁculty in initiating analytical programs.. -Other

" industries may need assistance when difficulties” arise in their analyses, and should obtain help from
consultants the EPA Techmcal Staff, or other manufacturers. This’ chapter will -discuss analytrcal S

' _-*consrderatrons that wrll give the reader farmlranty with the more prevalent momtonng dxfﬂcultres

P

5. 2 Analyses for Major Physxcal Charactenstrcsr

’ . . . e .

'_521 Temperature ' o ’_.' L _'_.f : ; .

.

Ty

: 'Normally, the temperature of a sample is measured by us1ng a dial type thermometer whxch is preferred for

- field ‘work over the glass type because of its durabrlrty and ease of readmg Fora wastewater survey where »

. frequent readmgs are requrred automatrc temperature recorders may be used
: 522 Electncal Conductwrty o

T
.
LS

a For momtormg a specrﬂc wastewater over a penod of trme specrﬂc conductance isa uséful parameter for
- approximating the total amount of inorganic dissolved solids. Conventional conductivity devices consist of " :

two or more platinum electrodes separated by a test solution. The major disadvantage with -this- type of ...

" system is the possibility of polarization or. porsomng (fouling) of the electrodes:. Conductiyjty systems based '
‘on the measurement -of inductance or-capacitance are also available, The electrodes in fhesé- systems are :
_ isolated by a layer of glass, or other insulating material, The system response is less rap1d but the problems -

. with fouhng and polanzatron are elrmmated

S . o f'.""v"'

If conductlvrty, is’ bemg used’ as an 1nd1cat10n of total d1ssolved solrds it is absolutely essentlal that a

_ correlatron be obtalned for a specrﬂc waste Otherwrse gross errors can be expected

1

"P . . . i

' :Temperature is very 1mportant when perforrmng conductmty measurements For example the
" conductivity of sea )water increases 3 percent/° C at 0°.C; and only 2 percent/? C mcrease at 25°C, It is-
' ‘necessary to record temperature with, conductivity measuremen@ or to adjust the temperature of the _

’ samples prior | to makmg conductmty mmurements Conduc}mty is reported m nucro-ohms RN

523 Turb-dnty L P et

ln most cases tU{bldlty in a water results from colloidal and s&spended_s}blrds the relatlonshrp of whrch B}

should be establrshed for each type of wastewater for the expected range of: suspended solrds

Currently, the Hach- Turb1d1meter Model 2100 is the only turbrdxty measunng deV1ce manufactured whr,ch

.»meets the specrﬁcatrons adopted by' the ‘Environmental Protectlon Agency asa standard for turb:drmeters '.

.,(3) ST b Cnn ‘ _ ’
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' S24Sobds : ;

"I‘he general term Vsoljds- 'usually is taken to mean the total sohds content of the wastewater" ln most s
_ '1nstances however, the specrﬁc form in which the solids ‘are presentnn the wastewater needs to be -

’ determmed Therefore methods are presented tp dlfferentrate between settleable sohds suspendecl solrds,

. d|ssOIVed sohds and volatre sohds I : : o

, 524] SettleableSolrds""' - C oo A Lo .
’\The term “settleable sohds*‘ appl,res to sohds in suspensron;that w1ll settle under quiescent condmons Only
the _coarser suspended solids wnth a’specific gravrty greater than that of water will settle. The test: for-
o settleable sohds is conducted AR - an, Imhoff cone, allowing a one hour. settlmg time, Samples should be at
A .room temperature and the test, co.rlducted in a location away from direct sunlight. The settled solrds volume
Fods measur’ed and reported in terms of ;mlhhters of settleable solids per: ljter, The settleahle solids test'is

r% ortant since 'it’ serves as’ the prmclpal ‘meins -fo. establish, the need. for-and assist in the desrgn of

' |mentat|on facrlmes* Thrs test is wrdely hsedf ] sewage and mdustrral waste treatment plant operatron to
detennme the efﬁcrency of sedrmentatrbn umts : S :

,“

: b
v s

e :.-5 2 4 z Suspended Solrds

el ,'

'SuSpended sohds represent the undlsso ved suhstances f\nfthe wastewater retamed on. a D 45 mrcron‘} ﬁlter

) The residué retained on the filter.is dried in an oven at 105°C. Non-homdgenous partlculate mattér, shoul¢ .

_be:excluded from the sample.. Analysxs for suspended"solrds"“slfifuld begm as’ soon as possrble smce '

'preservatron of the sample is not practrcal . T R , T

~ 0 o . R

) Thé L of :glass ﬁlters has mcreased ctmsrderably and fese ﬁlters appear to.give comparable results tothe
mil |ppt;e ﬁlters The ‘glass fiber filters have one advantage over combustible-materials, such as the mrllrpore

Singe glas’s fibers are non-combustlble at the temper tires used for detennmatron of volatile suspended
solids,lthe same crucrble used for suspended solids determ natrons canbe employed drrectly for detenmm,

P volaule ‘Gontent. Thex combustrble matenals must be_placed m a-crucible and the ﬁnal werght must -be

corrécted to account for combust-ron of the ﬁlter - A &

( . d

L

~
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“Thtal D%?ssolved Solids

dis ved solids - can be obtamed by evaporatrng 'a sa.mple of ﬁliratex on.a watgybath After the .
: wastewat 'r is evdporated, the’ dish is dried in an oven ata témperature of l()S° C or 180°C. When’ totale’ « -
‘solids are measured largevﬂoa’ung partrcles should be removed from the sample Ol] and greaSe present in’

the sample should be included®and dlspersed by blendrng before evaporatrng P : . RN -

] tron at 105° C,.resultrng in; an apparent hrgher .
- measurem t-Q olrds At 180° C orgamc matier can be> _duced by volatrhzatronj but is.fot completely -
\ ’_deStroyed soﬁ';e chloridé and. nitrate salts may-be lost 1earbonate—may—breonveﬁed—to—carbonate~-—-
. which may be -partially. decomposed to oxide or.to basic salts. In general, waters con }arx,ung consrderable )
organic. ‘matter, or those with pH greater than’ 95 should be drred at the lugher terq’perature The report
should mdlcate the drymg temperature used in the analysrs .

a1 .




5 2 44 Volatrle Sohds .
a Volatrle solrds or that part of the solrds consrstrng of organic materrals are measured by placrng the ﬁlter
wrth suspended solids, or the evaporation dish with total dissolved solids, in a 550 - 500° C furnace. The loss
in-weight of the total solids is reported as mg/l of volatile, saljds. Thrs tcst is subjéet to many errors dueto - |
loss of water of* crystallrzatron lass of: volatrle orgamc matter prror to ,combustron, incomplete . oxidatien of
. certain complex orgamcs and decompoi' non ‘of mmeral salts dunng combustron By heating the total solidg
at-550° C the water @f hydration" ev"aporates, and_is lnpluded in'the volatile matter. The temperature rangé
between 550° C Ang 600° C is critical.-At lower: temperatures organic matter may not be oxidized 4t '
. reasonable times,, bl¥ the decomposln,on '_of\ rnorgamc ‘salts is minimized:: Ammomum compounds not.
: ',released during drying are volatilized, but mostx other rnorgamc salts are relatrvely stable wrth the exceptron- ’
: of magnesrum carbonate as shown in the eqUatron .

The volatrle suspended solids test is facthated when glass 5ﬁber ﬁlters dre used for the suspended solrds
. .determinations rather than a combustrble filter- rnaterral Bowever the size of the respective’ partlcles must ,
~ be checked to insure that they will be captured It is: desrrable to. aompare the respective filters, e.g., glass . ‘\-;."-
> - fiber and millipore, for relative suspended solids capture eff’ crency prior to using ‘the glass'zﬁber media’ The
' results of the volatile solids test should not be' consrdered*an accurate measure of the organic carbon in the
. -sample, but rather, may "be useful in estrmatrons of wastewater characteristics. and in the control of plant
operatrons E : —

Y

525 ons, Greases and lmrmsérble Liquids

: The kquantrtatrve measurement for greases, mcludrng oils, 1s based on solvent extractron by use of an organlc _
- solvent, .such ‘as: hexane petroleum ether, benzene, chloroform freon, - or carbon tetrachloride. After -
extraction, the solvent is distilled or evaporated under controlled temperature conditions until only -
“‘grease” remains in the container. Thesamount of grease remaining ‘is weighed. This test is not specifically
‘selective for .immiscible oil and grease becaude organic matter, in solution, such as phenols and organosulfur".
compounds, will - alsg ‘he measured. When it is desired to differentiate between volatile and non-volatile oily
. matter the sample is refluxed prior to extraction. The collected oily matter is meastired volumetrrcally For
. wastewaters ﬁexane.)s the maqst commonly used sdl\’/ent and is applicable to the deteﬁmrnatron of re,latrvely _
non-v¢ atlle hydrocarbons animal fats and waxes -greases and other types of greasy-o:ly substances The
: _heXane ‘'extraction. method is not applicable to wastewaters containing light hydrocarbons that volatrlrze at -
S temperatures below 80°C. In order to include fatty acids, the samples are acrdrﬁed prior to extractlon.l

v

3 Non-volatrle oily material may be determmed by Tlocculatron of the wastewater wrth an iron salt followed

‘ _:fby extractron of the orly matter. The - sarnple is first acrdrﬁed to pl-l;il‘and treated wrth*an iron salt to form a

e ,:ﬂocculent ferric “hydroxide precrprtate The floc is parated ﬁ'om the. sample by frltratron extracted with
ether, and then evapq;ated to remove the ether Tha aa . :

LN . S '}
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~ Since orls and greases of vegetable- and ‘animal ongln are relatrvely brodegradable a§ compared to orls of .
mineral origin, which must be removed by physical-chemical treatment methodology, it would be desirable
_to dlstmgursh between th#ftwo forms'of oils and greases Unfortunately, a‘test is th cdtrently avarlable or -

accepted by regulatory authomres whrch allows thrs drstrnctron o -3
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5238 Radloactrvrty . N R __“ § ' o o

* the curie which represents the number of . drsrntegratrons occurring per secoqd B7x1
pure radium. The curie. represents such ‘a large number of disintegrations. ‘per second that the millicurie .
© (mc), 10° 7 curie, and microcurie- (Jic), 100 curie, are more commonly used. Gamma radratron can also be

Values of pH 1n aqueous systems range from 0 to 14,.Low pH values 1nd1cate ’acrd condrtrons hrgh pH .
values 1nd1cate basrc condrtrons A solutron with pH of 7 rs COnsrdered neutral

5 2 6”Color

&

The color of wastewaters can be measured rn the same way as the color of surface water from uaturally

oceurring materrals such as leaves, barks roots; humus and{peat materrals Color is measured by comparing
a sample of the wastewater with a series of standard’ solutlons consisting of a mixture of K2PtC12 and

) > N e : Tt

.

-

‘Threshold odor is obtained by drlutmg samples with odor-free water The dilusion from whrch no odor can .
be determined is-called the threshold odor number. Several people should be .available for these tests as
odor sensitivity varies wrdely with 1nd|v1duals The person makrng the dilutions should not be. used for the’ . -
_ odor test as odor sensrtrvrty is 1mpa1red for some time after exposure o S i _

Radroactrvrty is measured by counting the number of dlsrntegratrons per secpnd Thetl
) in one gram of

expressed in terms of roentgen (. The beta and gamma radloact1v1ty ‘of 'a sample is me,asured by a geiger

. counter. The internal proportional geiger - counter is used to detect alpha actrvrty Radioactive

measurements can be done on an automated basis.
Because the radroactrvrty in samples is often small and the concentratron of the radronuclrdes is also low,

is often necessary to add a .carrftar materral or chelatrng agentxt‘o the sample to minimizg loss by adsorption
to the ,walls of the container. Glass or plastic contiiners adsorb less radioactivity than metal ones. If it is

: Momtorrng radroactrvrty can be very complex Since only a relatrvely few manufacturers wrll be requrred to’
~ monitor radloactrvrty, further d1scussron is outsrde the scope of this manual, References I and 2 are

The symb8l -pH, is: mbbrevratron for the negatrve logarrthm of the hydrogen ion concentratron.

v . .

" The pH'of an aqueous solutron is commonly determmed by measunng« the voltage between a measuring and

‘ hydrogen To transmit the potential, representing pH, to a voltmeter, & stable reference electrode is similar---

'CoCl ‘The.unit of color is that produced by 1 mg/l platrnum in the-form of the chloroplatinate ion. For .
© field use comparison is made with colored lass disks calibrated to correspond to a platinum cobalt scale, .
: For specific color problems it is necessary to use the trr-strmulus-method descrrbed in References 1 and 2 '

. 527.0dr . o T R

tl,ot' radloactrvrty is.
0

. - care should be taken in sample collection to prevent loss of radroactrve material to the sample container. It

. desired to determine the radioactivity of suspended matter separately, it should be realrzed that a. part of .
' the alpha and beta actrvrty is lost during sample preparatron by self-adsorptlon '

-~ reference electrodé immerséd in a solution. The measuring electrode; reféired to as the glass electrode, is -

basically-a closed glass tube with a memibrane of specially formulated glass at oné end which responds to .

in construction to-the measyfring ¢ electrode except for an opening eXrt wﬁlch permrts the internal electrolyte

- to flow or diffuse into the selution to be measured. Thrs flowing electrolyte in effect constrtutes a “quurd

wrre whrch ~completes the. electrical circuit. oo

. e



lt is possrble to momtor the pH. of a wastestream tontrnuously, hoWeVer, the apJ)arabus for contrnuous X
momtormg should be calibrated at least once a week or oftener dependmg Qn.wnstrtuents in the waste
which may rnﬂ.uens,e performance of -electrodes. For field determrnations, portable pH meters are often
used. Preferably, the ‘pH samples should be measured. as soon as possrble Aftef collectron Oil and grease may .
interfere wnth the’ readnng,s by causrng a sluggish response’- d}ue to a coating of the electrodes. Both wide
range (for pH between 0 and - l4) and narrow range (2 - “3 pH units) paper is avarlable Because of the
vulnerabrlrty of pH paper to rnterferences and 1nﬂuence from wastewater color, this. techmque cannot'
generally be used for aCcurate determrnatrons, SAURRITES :

PR

szro Acidity R _' R

The acrdrty of a sample car'l be due to mrneral aonds ‘or weak _organic acrds in solutron When mrneral acids .
are present the pH is usually lower than 4. DA :
The measurement of acrdrty is performed by trtratrng the sample to pH: \g 5 rf mrneral acidity has to'be
determined separately, or to pH 8.3 for total acidity. ‘The pH values of 4.5 and'8.3 are recognized by, color
~ changes in the pH indicators, methyl orange and phenolpthalern respectrvely ‘A meter is preferred for the -
' determrnatron of the pH values. - . -
When heavy metal salts are present, it usually is desrrable to heat the sample to boiling and then carry out
. the’ trtratron The heat speeds the hydrolysrs of the metal salts allowrng the trtratron to be completed more
- r;aprdly T . . : .

The titrant'solution usually used is NaOH. The results of the acidlty tests are expressed in mg/1 as CaCO3. .

53¢ 5.2.11 Alkalinity

EA l

The alkalrmty of a sample may be caused: by the presence of hydroxrde carbonate, and b1carbonate rons'
and salts of weak acids. The amount of these ions présent is'measured by titrating with H SO to.apH 8.3
- .and pH 4.5.. The phenolphthalern end point at pH 8.3 determines the amount of hydroxrde and carbonate__ ‘
" jons. At’ pH 8.3 -all the carbonate ions are converted to bicarbonate ions, and all the hydroxide ions %are
neutralized. By trtratrng the pH to the methyl orange end point of 4.5, all bicarbonate is converted to
carbonic acid. Frgure 5-8 shows the prrncrples of titration of samples containing varrous forms of alkalrmty '

o Samples for alkalrmty should be analyzed as soon as possrble after collection. Preferably, the sample bottles
should not be opened before analysis. The results of the titration are reported in mg/1. as equivalent CaCO;.

-52.12 Hardness.

~ Hardness of a water is an important consideration in ‘determining suitability of a water for domestic and
industrial uses Hardness is caused by divalent metallic cations. Those ions are capable of reacting with soap
to form precrprtates and wrth certain anions present in the water to form scale. By far the most important
hardness-causing cations are Ca2 ,and, Mg2 However, cations like Fe2 an "and sr2* contribute to
hardness. Hardness is expressed as equrValent Ca@D; in mg/1. It is rare however that a complete analysis is’
performed on a sample. A direct method to determine hardness is the EDTA (ethylene-dramrnetetraacetrc '
acid) titrimetric method. The EDTA molecule forms stable complex ions with divalent cations. The end
pomt of the titration is determined with the indicator Erichrome Black T or calmagite. Interference. is
‘catsed by excessive amounts of heavy metals and. may be overcome by complexrng the metals with cyanide.
It is possrble to measure the hardness on a continuous basis with an automated wet-chemrcal method
provrdrng color, turbrdrty, and partrculate matter are either removed or blanked out.

~
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- 5.2, 13 The 0x|dat|on~Reduct|on Potentral (ORP)

- The oxrdatron-reductron potentral is a measurement of . the ratro of the concentratlons of oxrdlzed and -

~ reduced forms present in-a wastewater. The electrode for méasuring ORP consists of a nonreactive electrode -
immersed in a solution of ions in both reduced and oxidized form: An example would be a platinum wire °
‘immersed in a solunon containing both ferrous and ferrrc ions. A calomel electrode rs used as a reference

electrode o . S _— . . R

Oxidation 'reduction pOtentials .are of interest to. show - the ‘stoichiometric end . point during the.
“oxidation- reduction type of titrations. These measurements are also of rnterest in determrnrng the degree of
g anaeroblc (reducrng) or aerobic (oxidizing) conditions. which exist in a blologlcal system. ORP: control -

"systems are useful for operauonal control of chromrum and cyamde removal butasa wastewater parameter o

they are of llttle value,

"

| 5. 3 Nonspecrf ic Analyses for Measunng Quanuty of Organrc Compounds B
¥ 536‘Blochem|cal Oxygen Demand - S ' N o l\.' B
The biochemical oxXygen demand analysrs is an attempt ‘to srmulate the effect a waste wrll have .on the
dissolved oxygen.of .a stream by a laboratory test. It has been the most wrdely used method for estimating

* - the strength of domestic or other brodegradable wastes. It must be applied with greater caution to many .

industrial wastes since the _presence of  certain compounds can rnlnbrt the test. Although it is a useful

" measurement -in characterizing industrial wastes, its use in momtonng is limited because of the § days.
requrred to run the test. It is expected, however, that BOD will continue to be a standard for regulatory
agencles for many years. Therefore, an understandlng of this parameter is essentral -

“. The«BOD test grves an- 1ndlcatron of the amount of oxygen needed to stabilize. or. brologrcally oxidize the .
waste. The BOD test will measure the: blodegradable organic carbon, and " under certain conditions the ,
oxidizable nitrogen present, in the waste. The measurement -of oxrdrzable nitrogen may be- avoided by

adding inhibitors for. the nitrifying bacteria. The ammonia.content of the waste should be measyred
separately. Ammonra is also important to marntﬂn the oxygen balance in the stream because, after the
carbon has been oxidized, the nitrifying bacteria begin using oxygen (for.1 mg NHI bacterianeed 4. 56 mg
02) for-oxidizing the ammonia. The advantage of the- BOD. test is that it measures only the organics which

- are oxidized by the bacteria. The disadvantage of the BOD 'test is the time lag between sampling and results
of the analysis (5 days for BOD 5) and the difficulty in obtaining consistent repetitive values. It is possible -

that organics not degraded in a BOD bottle will bé oxidized in an environment by bacteria which are
acclrmatrzed to ‘that environment. Normally, the BOD bottle ‘is not shaken and the co produced
accumulates in the bottle. Both shaking and CO, accumulation influences. the test tesults. A further

* disadvantage of BOD is the poor reproducibility of the test. The BQD"of the same sample computed by two .

different laboratorres seldom agrees within 10 percent.

Manometrrc methods used to determine BOD are more reproducrble The mixture is usually stifred and the * -

CO, is adsorbed by -a strong basic solution. A comparison of several fnethods of determining oxygen
demand and carbon measurement technrques is given in Table 5-1. For individual BOD analyses, the BOD

bottle method is the only economically feasible method. If BOD is fo be continuously momtored theuse

of the Hach type of apparatus of the- electrolysis BOD device should be considered. The use of the Warburg'

.apparatus is " justified for ' research purposes but probably not for . routrne measurements of

,
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TABLE 5-1

COMPARISON 0F OXYGEN DEMAND AND CARBON MEASUREMENT TECHNIQUES

el TR

e Bottle

- Bottles, .
Incubator

:Eqi;ipme_nt', - |

Tlme - N Sdays

TypelMeasufe,men‘t‘ - Titration:@

Intervals . - %

Staiic 'or'Dynamic Static. |

CO, Absorbedby.
KOH: - No

LZost (Approx ) 51 50 :

Hach |

N 15 days

'Prbpri'etéry, .
: ‘ln“cubator -

Continuous

manometric

Dynamic' *

i VI'YES"

$300

Warburg:. |

- Constant Temp. -

"TOC

Bath Proprletary Propnetary‘

15days B

: Contmuous
.. manometric

 Dynamic . -

\'(_gs

$4_ooou

45

' Mmutes o |

V' : .lnfra-réd; I
-0

NA.

$8000

oD
o ‘Heaters‘, -
. glassware

Hous™

Chemical

- Oxidation
CONA
- NA

B0
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53 2 Chemrcal Oxygen Demand (COD) - : o o '

v . . TN

-Mést orgamcs in a water sample may be oxidized by potassrum d1chromate in strong acid solutron When :
refluxed for 2 hours The amount of dichromate remaining is determmed by trtratron with' ferrous ~
ammonijum’ sulfate wrth ferroin as the 1nd1cator solution.- Silver sulfate is added as a catalyst and, ‘to
eliminate ‘chloride 1nterference mercuric sulfate is added. Sugars branched and straight chain aliphatics,
and substituted benzene rmgs are completely oxidized with little drfﬁculty However, somé organic . i
' compounds‘ such as benzene, pyridine, and "toluene are not oxidized by this method. Other compourids
such as strarght-clram acids, alcohols and amrno acids can\be completely oxrdrzed in the presence of the

: srlver sulfate catalyst '

" Chloride concentratrons greater than 500 1000 mg/-l may not be carrected by mercurrc sulfate addltron A

- method ‘of correction for high levels of chloride is to.add the same concentration of- chlondes‘to the blank

samples as. ‘appears m the waste sample Consequently, a chlonde correctron can be developed for the
partrcular wastewater : :

The results of the COD tests are usually higher. than the correspondmg BOD test for the followmg reasons

e 1 Many organic compounds wluch are drchromate oxrdrzable are- not brochemrcally oxrdrzable

2. . Certain. 1norgan1c substances such as sulﬁdes sulﬁtes throsulfates nitrites and ferrous i ‘iron are

' oxrdrzed by. dichromate, creating an morgamc COD wluch is m1slead1ng when estrmatmg the
organic content of the wastewater. fat
o 3. .. The BOD results may ‘be affected. by lack of seed accllmatmn grvmg erroneously low readmgs _ .
~ . The COD results are 1ndependent of seed acclimation. Séme .aromatics: and mtrogen are not

oxrdrzed by this method. The COD test may not: mclude spme volatrle organics; such as-acetic

_ acid, readily ‘available to river bacteria and mclude some organics, such as cellulose that are not .
readily avarlable to river badtefra = e e e

i

- 533 Total Organ@rbon’(TOC) SR T e
. N , . }'~ P e R . F,'

At ten;peratures«greater than- 95d° Cy.all the carbon atoms of orgamc molecules will be oxidized to .C02.' /{
The amount of C'02 produced is measured byan mfrared~analyzer The tesponse of the analyzer i is recorded
ona stng\chart A correction to the detected amount of C02 has to be made for the inorganic. carbon
pl'esent in the sample One apparatus hat a low temperature combustion tibe (T=150°C) in which the
inorganic carbon vaponzes .and is detected in the infrared analyzer. A temperature of 156°C is too low for .
-oxidation of organiic molecules. The’amount of inorganic carbon must.be subtracted ftam the amount of
CO analyzed with the hrgh temperature combustron tube. Another method to correct for the inorganic
\carbon is by acrdrﬁcatron of the simple and. purging N, gas through the samples to gas strip all the -
inorganic carbon. Error may be introduced into the analysis if volatile organics are present smce' these
T materials may be stnpped along with the carbon . dioxide. The amount’ of strippable organics can be
_ determined with .a diffusion _cell and the organic carbon results can be corrected accordingly (5). The - -
" organic carbon determination lacks the many variables which plague the- COD and BOD analyses, resulting -
m more relrable and reproducrble data. Once the apparatus is-calibrated, the tests- are. completed in a few .

. minutes. Some. 1nterference is possrble if anions-of NO3, CI, SO4 and P04 are present in excess of 9,000 -
~mg/1. Industrial Wwastewaters contarmng simjlar anion concentrations should be diluted with carbon °
dioxide- free water prior to: -analysis. The reproducrbrhty of the test. results is greatly influenced by

partlculate matter present in the sample " o s .
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}'534 TheTotnleygenDemand(TOD) o S
- The total oxygen demand (T OD) measures: the oxygen demand of a sample rather than rts carbon content.
" . The measurement is obtarned by a continuous monitoring. of the oxygen- concentration present-in a
~ nitrogen carrier gas. This gas flows through a platinum-catalyzed combustion chamber, where tl;e .oxidizable -
" constituents of the. sample are converted to stable” oxides. Oxygen, as- the carier. gas, regenerates the
catalytrc surface: which ‘temporarily’ disturbs the oxygen -equilibrium of the catalyst “This depletron of
" oXygen is measured in an electrolytrc detector -cell and is directly related to the oxygen demand of the
_ sample. The total oxygen ‘demand of a substance measured by this type of analyzer may include both
. organic and inorganic substances but varying reactron effrcrencres The probable chenucal reactrons that.
occur in the apparatus are as follows: : ‘ : ~ '

-

I Carbon is converted to carbon droxrde >
2 Hydrogen is-converted to water.. . - I : : . _ e
3. Nitrogen, in a 3-valence state, is converted to mtnc oxide. Sy <
. 4. The sulfite ionis partrally converted to sulfate,” ..~ .~ P '
L f) ' ,5. - The sulﬁde ion is partrally converted to sulfate S ; : .

e
: TOD has 1ts greatest potentral where NO3,SO4 Nl;l3 -and dlssolved oxygen are not predommant.

" When consrdenng routme- plant momtonng of a wastewater charactenzatlon program BOD is. nét the most B
- useful test of waste load because of the long incubation time required to obtain a meamngfuJ result. It i 9
. therefore. 1mportant to develop a correlation between BOD, 'cOD, TOC, etc. Once the correlahon has been .
T establlshedﬁhe TOC or COD measurements can be translated in. terms of BOD B ) e
. e ‘ D .
. In attemptmg to correlate BOD or COD of an mdUStnal waste with TOC one -should recogmze thoSe
: 'factors vtch rmght constrarn or drscredlt the correlatlon These lmutatrons mclude »

| 535 Relatronshlps Between BOD, cop, and TOC S

r e . L. A portron of the COD of many mdustnal wastes is attrlbuted to the drchromate oxrdatron of
L " ferrous-iron, mtrogen sulfites, sulfides, and’ other oxygen consunung morgamcs the TOC .
o ' -analysrs does not‘mclude oxidatiof of these compounds ' :
' ’2.. The BOD and COD tests do not mclude mariy organic compounds whrch are partrally or totally' ' .
©_resistant ‘to biochemical or dichromate oxidation. However, the orgamc carbon in, these .
) ' compounds is recovered in the TOC analysrs : - -
3 The BOD- test is susceptrble to vanables whrch mclude seed. acclrmatlon drlutron temperature .
" pH, and toxic substances The COD and TOC Atests are mdependent of these vanables '

: One can expect the storcluometnc COD/TOC ratro of a wastewater to range. from z.ero ‘when the organic
mateml is resistant to dichromate oxidation, to § 33 for methane or slightly higher when inorganic
- reducing ‘agents are present.. The BOD/COD ratio of an 'industrial - waste would be subject to many of the - -
. aforementioned variables and could not be expected to follow any particular pattern This is emphasrzed by -
the variability between the calculated and measured COD/TOC values for various compounds as shown i in -
Table5-2 - Y R S

510 .




' COD-TOC RELATIONSHIPS . - .
. Substance - — .. coproc- . - .. COD/TOC
N . (Caleulated) . . . (Measured)
Acetone. ..., T T 356 0 ) o 244 .
. Ethanol " - - N 400, R - 33s |
Phenol- -~ . o302 v 296
_-Benzene: ' LT .7 334 084
Pyridine - - ... . 333 . T : - © onil
+Salicylic Acid. o DL 286 e 2830,
Methanol : - . . - 400 . T \_*3 89. T
* Benzoic Acid - -, ... .28 . 7290 0 .
" Sucrose .- e 26T - : 24 '

e
.

* This vanabrlrty is attrrbuted to. the COD yreld of the compounds, and wasteStreams contamrng a portron of
these  substances would be subjected to* a fluctuating COD/TOC rano (in- the event of component -
concentratron changcs ‘The greater the variability in the character: of 4n mdustrral wastestream, the more *
pronounced will be the. change in .its. COD/TOC ratio. Thrs in itself is a good indicator of the degree’ of
: "'l,Stency of wastewater constituents, and- can ‘be a valuable ‘aid in predlctrng the desrgn organic load

. fapp,lred vto a brologrcal treatment facrlrty ' : : :

reiatrvely good correlatron has been‘ obtarned fgr domestic wastewatens drfﬁculty has been
o expenencedqn correlatrng the BOD and TOC for industrial wastés. This is reasonable due to the complexity

-.and diversity of. rndustrral wastes. The reported BOD yields for 1ndustnal wastewaters are often erraucm
hlghly dependent on the prevrouslygnentloned vanables -

A decrease in the ratios of COD/TOC and of BODS/COD has been observed durrng the blOlogrcal‘oxrdatron
- of both mumcrpal and rn’dustrral wastewaters as shotvn in Table 5-3. Thrs decrease can be attrrbuted to:

"- 1. The presence of i rnorgamc reducrng substances that would be oxrdrzed in the brolog!cal process, C .
S 'thereby reducmg the COD/TOC raio. i} “\

f

3. intermediate compounds may be formed dqnng the brologrcaf process\ thout srgﬂrﬁcant

A conversion of organic mattet to carbon drt}i'i..t_‘. A“reductron in COD may'
CLo R byareductron in TOC -

: durrng brologrcal ox1datron

4. ° The concentratron of non-d;:gtadable refractory ma;prralS’ wrll account for@ 5.0
.- the COD in the effluent than in the raw waste, thSreby lowermg the BO, &G
BODS/TOC ratio.




TABLE 5~3

VARIATION OF COD/TOC AND BOD /TOC . S
THROUGH BIOLOGICAL TREATMENT R

k. .~ copfroc N Bop, /roc P
Waste ~ - "+ Kaw -Efﬂuen‘t ~° . Raw ' Efflient . .
Domestc . 415 - 220 1 :0.47? -
.Chemical . . o * 354 229 o - e e
Refinery - chemxcal - o sa0 218 . 275 - 043

: Petrochemrcal Lo 2200 00 185 . I S oo

. In summary, it s ev1dent that ‘the TOC is a valr 1nd1catron of brologlcal oxygen demand and can be
correlated to COD values in many apphcatrons These tests are extremely good control parameters because
“of the abbreviated analysis.time associated with the respective analyzers It is less probable that TOD, TOC,

r COD can be correlated to BOD unless the const tuents in the wastewater remain relatively constant. The
* conjunctive use of these parameters ‘in terms \‘c}; BOD, COD TOD and TOC ratlos can be helpful in
properly evaluatrng the organrc nature of a-wastewater.- . - - o . o~ 9(\

5 4 Speclﬁc analysrs for Orpmc Compounds ‘

“ For most’ wastewater surveys an entire delrneatron of all organic compounds present is scldom necessary .

Only when spec),,ﬁc orgamc compounds have toxl‘c effects or when regulatory. agencles set.specific standards

. ate specific analyses Tiecessary. The 1972 clean water leglslatron requires that EPA prepare a list of specific: . -
~ compounds which are considered toxic. (This list is not available at the time of § " iating of this manual-but | -

should be completed in 1973.) Analytrcal methods for many organic acompon ;‘évre available but are ** -

usually very difficult to perform. The concentration of the organic compound of i terest is often too- small

for a direct and accurate 1dent1ficatron Prior to detection of the compound, the organic constituent hasto -

be increased by concentration techmques Concéntration by removal of water can be done by evaporatmg

or freezing. Freezing is recomniended when the loss of volatile constrtuents isa potentral or the nature of .

the specrfic organic substances of interest may be altered

55 Annlysrsfor lnorpmc Amons : A' ' L ‘_ I IR
Detalls for the analysis of most inorganic anions can be found in Referexces 1 and.2 The analyses are' often _

" based on'titrimetric, colorimetric, methods (4) Chloride, for example e&be titrated with mercuric nitrate
since it forms the shghtly d.rssocrated‘mercunc chlonde The ‘end point of -thie’ trtratron is indicated by .
diphenyl-carbazone,_ having a- -color ; ‘of b]ue-vlolet in, ‘the presence of excess mercury. Fluonde can be
measured colorimetrically by add.mg 'SPADNS reagent, Sulfate is an .anion which can “be measured
gaumetncall y.-For each test one has to be aware of possible: mterferences with the test due to the presence

rtain constrtuents References 1and 2 md.rcate the most common mterferences and suggest m’ethods of '
: ehmmatlon ' RRE : : L , S
: 56 AnalysxsforDlssolvedeygen Y g
- B . B -_,:- - '..,{:r‘
. _The drssolmd oxygen (DO) concentratron is &pnmary rmportance in surface waters and for’ wastewater'
. treatment plant control. For wastewater cha¥cterization, the DO is of lrmrted value However |t 1s»
necessary to determme DO levels in. the d.rluted sampleS’of the BOD test '




~

-

The Wrnkler method wrth or. wrthout azrde modr‘ﬁcatron should not be ‘used. under the followrng

“ . . P . N o
e ia . .. - .

Two rmportant tests for DO are the kaler (lodometrrc method) and the membrane electrode method as.’
- described in Ret‘erences 1 and 2. . o

'_,condrtrons o _ . _ . w

\ .

1. ._'Samples contmnmg sulﬁte throsulfate polythlonate or appreCrable quantmes of free chlonne
or hypochlonte :

2. Samples hlgh in suspended solrds

or which are oxxdlzed by free rodlne in an acrd’solutlon

4. Biolc')gical Flocs.

In all of the above cases, and When a hlgh number of samples have to-be :Ahalyzed the DO probe should be

used. Membrane electrodes of the: polarographrc, as well as the galvanic, type- have been used for DO
measurements and for the automatrc monrtorxng of surface waters and industrial effluents

I

57 Analysns forPhOsphorusand Nltrogen Compounds St _ e _" .

I

'Phosphorus and nrtrogen can be present in several chemrcal forms in wastewaters Phosphorus is usually

present as phosphate, polyphosphate’ (molecular dehydrated forms of phosphates) and organrcally bound .
phosphorus. Polyphosphates "are rapidly hydrolrzed into. orthophosphate in boiling water ‘at low pH.:

. Orgamc forms of: phosphorus are - -converted” to orthophosphates by wet oxrda,tron The phosphate

concentratron is measured colonmetrrcally

.

_,.The nrtrogen compounds of -lnterest in; wastewat‘er charactenzatlon are -ammonia, nltnte mtrate and
" organic nitrogen. -Ammonia is distilled from the sample at an alkahne pH into an acid solution. The

ammpnia in the ‘distillatecan be determlned erthercolorrmetncallyby nesslerization or titrimetrically with

-standard- sulfuric acid’ (1). Organic nitrogen may ‘be determined by-acidic drgestron of the sample. If the.

ammonia originally present in the sample is ot " removed, total Kjeldahl riitrogen is measured,. whrch

" includes ammoma anid-organic nitrogen, but does not include nitrate ang nitrite nitrogen. Nltrate and. nitrite

are measured colorrmetrlcally Detarls for these anaIYSes can be found in References 1 and 2

-

'8, 8 Analysrs fot Pathogemc Ba(:tena . R ._ ’ | |

. The detectron of colrform bactena i Wastewaters is consrdered to be an mdlcatlon of the poss1b111ty of "

pathogemc bacteria being present The test for ‘coliform bacteria'is comparatively sunple and -easy to

_ ;perform on ‘a .routiné basis. There are two standard presumpnve tests for coliform bacteria. The .
‘;_:".m txple-tube fermentation .technique emtploys serial dllutrons of a sample in lactosé broth. For each :. -
" dilution, S tubes should be moculated with: at least 3 dilutions for each sample. If gas is formed within24 .~

or 48 hours at an incubation temperature of 35°C, the test’ rs considered to be positive. The number of

: posrtlve tubes in the last- three dilutions is consldered to be 4 measurement of, the: number of coliform

" bacteria present. Another technique consists of- ﬁltenng a -sample, or a sample dilution, “through a

memBrane filter. The. ﬁ}ter is then transferred to an Endo-type medium’ containing lactose Typical -

'5.. ' .When sample color mterferes with end pornt detect%n::-\'[ L L ; g

23, Samples containing organrc substances whrch -are read11y oxrdrzed,rn a hxghly alkalme solutlon, .

colonies with a metalh{: ssheen which develop thlun 24 hours at 35°C aré considered to be caused by .'

colrform bacterig. The membrane filter technique is very convenient but is not. practical for wastewaters -
" with a high suspended sollds content. Fecal colrform is now consldered the better rndrcator for pathogeruc-'
- bacteria. For further detalls see Reference 2. :

}
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59 Estinlating the Amount of Pollut_ants Present by Use of “Kits” , S
Companies, such as the’ Hach-Chemical Company, Delfa Scientific, Inc., and Koslow Scientific Company,
hqve manufactured “Krts" for the analysts of vanous constrtuents of wastewater The: krts consrst of a small

.Compdny provrde krts for- deternnnlng the presence of heavy metals; such as Cd Hg and Pb and 1nt:l{fdes

reagents for muasking mterferences . , N

.The major dlr}td\'antage in usrng luts is the mabrlrty of the pre- packaged devices and reagents to effectrvely

cope with rnterferences Reference 2 outliges procedures for the removal of interferences by pretreatment

techniques and.the reagents necessary for masking these interferences that are usually not avarlable in the
. kits. The -accuracy of the tests performed with Kits is .usually less than. that “obtainable ‘with- precise
' Idboratory techniques. Kits give good results in relatrvely clean water but pose¢ problems when used to .

analyze wastewaters. They are. nevertheless uSeful in prelrmmary surveys performed to determlne overall

charactenstrcs ofa wastewater . . e N

o] . . : . L e

'5.10 SelectrvelonElectrodes D S S .

Durrng the last decade selective ion - electrodes have beer widely, used for- the detectron of wastewater '
constltuents ReferenceB contains basic | gurdance in usmg these electrodes :

5. ll Automated Wet Chemrstry R G-
. ¢ . « .

" Automaied wet.chemistry is frequently used in the analysis of wastewaters a'nd'for automated monitoring

- of waste ¢ffluents. When used, the system consists: of a‘sampler to select air, reagents, diluents and filtered,
samples: From the sampler, the flurds pass through a proportioning pump ‘and manifofd where the fluids are -
apsirated, proportioned and’ ‘mixed. The samples are then ready for separation by passing through any one
-of the following units: a dialyzer (continuously separates mterferrng materials in the reaction mixture), a
digester (used for digestion, distillation or-solvent evaporation), a continuous filter (for on-stream'
separation of particulate. matter by a movrng belt of filter paper) ora distillation head (separates high vapor >
,pressure components) » T : '

After separatron ‘the samples can be conditioned in a constant temperature heatlng bath After
condrtronrng, the samples pass through a detection system which may be a colorimeter, a ﬂame
,photometer, a fluorometer, a UV spectrophotometer, an IR’ spectrophotometer an atemic absorptlon
spectrophotometer, or a dual drfferentral colorrmeter The srgnals from the detection’ system are ‘Sent to a-
recorder ora computer system : . : ' .

g B o _‘\‘_ s r(
5.12_;Bioassay,Tests' ' ' o ‘ T L '

“ . v

. Broassay tests are so tlmes used to detect ‘general toxrcrty of wastes 'l’he useful performance of these

:,8 9, and lO for furthe mformatron ‘a . . B
5. 13 Cost of Wastewater Analyses e S
' The cost for laboratory services will vary from place to, place and the unrt costs are normally dependent

upon the number of analyses requested. Special: drscounts,are .normally available for contract where a large
number of samples are submrtted for analysrs "
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i obtamed without extenswe and costly: resamplmg

°

ool vl %% Chapter® - oo
T AT LT SAMPLING . - e S

6.1' lntroduction.. oo L ‘

. i ] L . 1 ’ . . ‘--",. . e 5’{_ .;-:’,’
The basis for any plant pollutron abatement program rests upon information obtar o, by s’,'tmplmg Thus
all subsequent decisions may; be based upon ineorrect information if this step rs/not éccurately pursued
There are several prtfalls whrch can occur if samplrng is performed ina careless Or naive. maqner If afew

 basic prihciples are followedv and if. those responsrble for’ samplmg are forewarned relrable results can be

¢ S .39"%. e
. oot : c ./
Obtarmng good results will depend upon certam detalls Among these are the followrng:
u . .- / oY Ly
I lnsunng that the sa;nple takqen is truly representatrve of the’ Wastestream

YL V4 -
2. Usmg proper samplrng tecliprﬁues 1_ S 4' .

" 3. Protectmg the samples untﬁ they are analyzad

» ..g. . _
The first of these requrrements obtarmng a sample whrch is truly representatrve of the wastestreafn may be

~ the source of srgmﬁcant errors. This is especially apparent in the case of ¢ ‘grab’’ or non- composrtqd samples.
lt must be remembered that waste flows ‘can. vary wrdely both in- magnitude and composrtron over a
24-hour perrod Aléo composrtro hcAN vary. within a'given stream at any single time due to a partial settlrng :
of suspended solrds orthe. floatmg _ﬁlrght materials. Because of the lower velocities next to the walls-of the
flow channel, materials will tend to. deposit in these areas.” Samples: should. therefore be .taken from. the
wastestream Whe‘re the flow is well mrxed Since suitable points for sampling in. sewer systems are lrmrted
numerous rdeal locations are not usual The outlets of well mixed tanks are excellent sample pornts ‘In.
addition, the ﬂow ‘must be measured and the total waste load calculated: by multrplymg the flow rate times

" the concentratréh A drscussron of flow measurement techniques is presented in Chapter 7.

.

The usual method for- accounting for varratrons in flow and waste constrtuents and mrmmrzrng the

'., analytical effort % by compositing the samples ‘Basically, sufficient samples shiould be taken so that, when

‘..

' flowequahzatron techmques : L

.- mixed together (before analysis), the resultsy whrch are obtained wrll be similar to takrng a sample froma .
ho'fhpletely mixed tank which had collected all the flow from the stream in question. Greater accuracy is
obtained .if the: amount of sample in the composite is taken’ in ‘proportion to the flow. In general the
greater the frequehcy of samples taken for the c0mposrte the more accurate the result

If :batch processes which * slug the system are present composrtrng can lead to erroneous, results unless the
samprng is done at a very high frequency (possrblyrcontmuously) or unless the flow is “smoothed out” by -

\.‘_,,.

i “'

Obtarmng a representatrve sample should bevof ma]or concern in a monitoring program. A thorough analysrs ,
of the waste flows in the plant must be made and a responsible staff member should be° assrgned to insure

- that the sampl®. takefy are representative. As a ‘general rule, closer attention must be given' to waste

3
samplrng thar; in the sampling of a manufactunng process stream. .

W
"‘ . 7

After a p:operly composrted representatrve sample has- been collected it is essentral that it be mamtamed in .’
a state that will not introduce error .prior to analysrs Because some samples are preserved only with
_ difficulty, it is desirable to provide analysis as quickly as possible. For this reason, it may be necessary to -

abandon a gomposrtmg teqhmque for some: pararheters In these Cases, it will be necessary to take grab. . .

samples for immediate” analysrs
pt »

s

N ;_'

- e
>, . ) Sy
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5':'0bvrous precautrons, such as avordance of contamrnatron through drrty sample bottles, apply to waste '
- . monitoring as well as to samplrng from a manufacturing-process. One very simple required procedure. which

- is-often .overlboked is, thgestablishment of a ‘sample- marking and tecording. method which prevents '
K swrtchrng of samples or confusron asto therr orrgrn It 15' wise, of course, to’ 1nspre’~that waste sample bottles

not be nsed for process sampling.”. R . -

v
‘av

- L

4 Good samphng techmque is 1mportant enough to warrant the followm’g drscussron of samplrng detatls to "

'assrst in‘an analysrsand momtonng program .

.

¢ .

» i L .

6 2 Types of Samples

C e

-

. The two most common types of samples are known as g;ab samples ar)d compos|te sample&and erther may ;
]

3 ‘chitbrine, soluble sulfides, temperature,‘and pH.

6 2 2 Composrte Samples. .

;, be obtained manually or automatrcally , L : ®

, R ) . . e ; ,'.
4 . M K v 4 :
. 4

62lGrabSamples L e e "

g rab samples may be taken manually or automatrcally from the wasteltreams Each sample shows the wasts'

' 'characterrstrcs at the. time the sample is taken. Automatic sampling is essentrally the same as taking a series .
~ of grab samples at regular intervals. The votume of a grab sample to be tgken depends on ‘the total aumber

-of separate analyses that must be made; however, a quar‘ usially sufﬁcrenf Wide mouth jars are preferred

for sample collectionin order to facrlrtate the rapidity of sample collecfion. A grab sample may be preferred ,
- overa composrte sample when: * ' N o IR '

1.~ The water 'to be sampled ‘does not’ flow on a° contrnuous basrs, such as occurs at -an

: rntermrttently dry discharge outlet or .when contamrnated _process tanks are periodically
dumped: A grab sample, from such a drschal'ge is sufficien& to obtain the waste characteristics of
_ abatch dump. It i is important to make,certam that the 1ntermrttent dump is well m1xed when '
"+ . the sample is taken e ‘ S I . ~

. , . . q - . ‘u " ’;4 R 5 oy
2. The waste charactenstrcs are relatively constant. For such wastes a complex samplrng program
s 5 is.not necessary since an occasronal grab sample may be entrrely adequate to establrsh waste :
e characterrstrcs , R : :

.4“

- C3r s desrred to determine whether or not a composite sample obscures extreme condrtrons of

the waste. A classic example is the possible variation of pH. A composite sample may have a -
L neutral pH while individual grab samples may:éxhibit a wide pH range. It may be 1mpossrble to
S treat. a widely varying waste brologrcally without pretreatment or neutralization, yet these
characteristics may- not be apparent from a_properly composited sample. An example of pH
‘varyrng with time occurs in the textile 1ndustry where the pH in the morning may be as low as
35, whrle in the afternoon the:wastewater gH. may be as hrgh as 1 l Tom :

Grab samples are requrred when analyzrn wastewaters for arameters such as dissolved ases resrdual' :
& g p g

vy -
v .

‘In order to mrmmrze the number of samples to be analyzed it 1s‘ﬁxsually desrrable to mix several 1nd1v1dual-

samples. The amount of -the rndrvrdual sample that may be added to the to}al, mixture depends.on the flow
at the time the sample was taken. For examnple, for every gallon per minute of flow at the time of sampling,

1 ml is added to the composrte sample. Judgment should be used in deciding uporf the quantity of each
" 1nd1vrdual sample As long as the. ratio of flow .to rndrvrdum sample . volume remains the same, the +

>

.- "" ) -



composmng should be valrd The total amount of composrte sample depends on the number and types of -

arfalyses to be made; the minimum quantity being about 2 litérs. The minimum amount of an individual = -

sample should be about 200 ml, if the sample is taken with trme mtervals of about 1 hour. ‘When contrnual

-sampling is emplayed at intervals of about 3 to 5 minutes, the minimum amount of sample should be not

less tMh 25 ml. Depending on the time and vanabrlrty of: plant operation, 2,.4, 8, 16, or 24-hour

composites may be collected. When the waste characterrstrcs are variable, the sample should be composrted .
o over a shorter- penod of trme Samples may be composrted on the basis of erther time or flow. - - ‘

"w L. Flow The amount of samples collected or added to the mrxture dunng the samplrng perrod is
" proportional to the waste flow at the time’ of samplmg Samplers are avarlable that

: automatrcally composrte on the basis of flow -

: P :
e 2 Trme - Another approach to sample composrtrng is the collectron of samples with a ﬁxed' '
volume aftera, certarn quantrty of waste flow has passed the samplrng station.

4

Composrte samples provrde sufﬁcrently accurate data if thenvanabrlrty of the waste characterrstrcs is

.thoderate; however, variability. of waste characteristics must be determrned by the analysis of grab samples. "
The time length of a composited sgmple is limited by the time:the sample can be stored without changrng'

* the ‘waste. characteristics. For examfle, it is recommended that the analysis for BOD'be initiated within 8 . -

hours after sampling. Compositd: samplmg should be avoided when cyanrde and acrd wastes may pass the
samplrng pornt at drfferent times during the composrtrng perrod

: +63 Manual Samplmg

Manual samplrng is. recomrpended durrng the prelrmrnary survey. The prelrmrnary survey should determrne o

* when' and-where automatic samplers are needed, the portion-of the wastestream samples that should be
pumped, etc.-Manual sampling has the advantage that the sample collector can observe unusual condrtrons
.-Grab, samples f from batch dumps are usually performed manually :

o

. 64 Automatrc Samplmg
When several. points are to be sampled at frequent 1ntervals or when a contrnuous record is requrred it may
be more convenrent to install automatic samplérs. The installation cost’of automatic samplers is offset by
- the savings on labor requrred for manual collection.-An added advantage to automatrc samplrng is the
possrble reduction of errors 1nherent in manual collectron S ; T e
Contrnuous samplers are marketed commercrally and must be examrned carefully to see that they are
suitable for the waste characteristics in question. For example, a sampler intended to collect acrd wastes
_$hould be constructed . of noncorrosive materials. To be reliable, continuous samplers require frequent»
" inspection and cleanrng Automatrc samplers are available that will obtarn composrte samples erther asa.
functron of time or flow ) ' ] /
6 5 Frequency of Samplrng and Duratron f Samplrng Program Dunng a Waste Survey o ;,4“/
The frequency of samplrng depends on th_e ftow rate and’ the wastewater characterrstrcs The expected range”
_in flow rate and waste concengration should be determined during the prelrmrnary survey. The frequency of
grab samples is ‘@ften oncé per hour. When the tesults of the survey indicate low variability, the grab
samples may be taken at Zonger intervals of 2, 4, 8, 16, or even 24 héurs. For highly variable waste
coftcentrations, the installation of an autQmatic sampler should be considered. The time over which samples
should be_composited also depends on the varrabrlrty of the wastestream. For ‘high varrabrlrty, individual
samples for composrtrng should be taken as frequently as 1 . every 3 minutes up to I~ per hour. The |

\J .
‘ L4 . R . B -
) '— . : ’ ! . . . " Y ’ ! !
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“ maXimum time over wluch a sample should be composited is controlled by the ab111ty to store the;--
iindividual samples adequately, but should never be longer than 24 hours. When the analyses are to
determine 1mportant desrgn criteria for biological treatment facilities, such .as BOD, COD, or TOC, the
. composite sample.should extend over a.period of between 8 to 12 hours when waste characteristics are
relatrvely consthnt, and a penod of between:2 to 4 hours if the waste characteristics have srgmf cant . -
variation. Composxtmg samples over'a period oQune less than 2 hours is not usually necessary because the

. sewer system and treatment facilities may already have such an equalization effect. ‘Thus, thé variation in
. the waste laad to the treatment facility cannot be expected to be-greater than the 2-hour composite; If

* directed reuse of wastgwater without treatment is considered, the vanablllty w1thm a 2+hour penod should
- be obtaxned A suggested samplmg schedule is shown in Table 6- 1 . :

. . '..v

.M-- C . TABLE61 AR P :
SUGGESTED SAMPLING OR. COMPOSITING SCHEDULE (1)
Charactenstrc L ' o ngh Vanablllty . | LOW Vaﬂﬂblllt)’
Bop* . - . . 4 o 12k ’
coODorTOC* o 2 . 8hr
_ Suspended Soids . _ o . 8hr v L © 24hr -
Alkalinity or Acrdrty o o lhrgrab- . . U 8hr grab
. pH : C . -Continuous: - . 4hrgmab -
.+ Nitrogen andaPhosphorusb - LY 24 : . 24hr
Heavy Metals - S ~ 4hr o 24h'r

-

' +* . : S
aThe composrtrng schedule where continuous, samp]ers are not used depends on varrabllrty, ie., 15 min for

high vanabrlrty to 1 hr for low variability. ”
bDoes not apply to mtrogen or phosphorus wastes (e g fertrlrzer) Y o - o -
An intensive plant survey will generally last between 5t0 10 days of normal plant Operatbn The plant , -
should operate. during the survey under normal condifions; however, it is'important to consider seasonal -

- variations. Treatment facrhtres should be desrgned to treat the rughest pollutron load expected

6.6 Qample Handling .

In order to obtain a representative sample, many precautrons are necessary Some of these precautrons and '
_general samplmg rules are as follows: - e g

°

i o
.

. l. The sample should be taken at a place where the wastewater 1s well mj ed such as near a
- 'Parshall flume or a location in a sewsr with hydrauer‘ turbulence Weirs tend to enhance the
settling - of solids immediately upstream and- the accu;nulatron of floating -oil. or grease

’ unmedrately downstream Such locations Should be avorde sample source. S

2. The sample should be taken in the center of the c?lannel of ﬂow where the velocrty is hrghest
and ‘the possibility that solids have settled is a minimum. In order’to avoid an excess of floating

- -materials, the mouth of the collecting contarner should be placed a few inches below the water - '
' surface ..

e

' '3,. A.low level of tu’rbﬁnce can be inducedﬁby'blowing air through'me wastestream. This practicee
.. of inducing turbulence by introducing air is not advisable if the wastestream is to be analyzed

53
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"~ b. Date and t:imeofcollection. c

for drssolved gases or volatile matter. Mechamcal strmng may be used to mduce turbulence wrth

\

much less mﬂuence onthe results. =~ - . . . .

" The samplmg of wastestreams wrth 1mm1sc1ble flurds, such as a mrxture of orl and water,
requires special attention. At places in the wastestream where oil floats, it is simple to.obtain a '
- sample of the oil -to-analyze, but difficult to- determine- the quanuty of oil flowing per day.

method commonly used to estlmate total volume is to divert the wastestream into a container,

- After separating the two fluids, it. is possible to measure the thickness of the oil layer and thus
“ascertain the volume of oil present. Another preblem wrth oil is adherence to the samplmg
' devrce whrch w1ll reqmre frequent cleanmg S, S . 2

ol

possible to usé only a’portion of each aliquot in compositing .the total; "however, it is more-

desrrable to mix the entire volume of ll individual samples and then use a portion of the total

mixture for analytical purposes. In eithier choice, it isa prerequisite that the individual samples

" are representative of the flow at the time collected so that the mtegnty of the total composrted
: sample is marntamed o o .

The samples should be ,stored in a manner. that insures that the characteristics to be analyzed are

interferes with'a particular analysis, it is preferred to, take séparate samples for such analyses

whrch may requrre special preservatlon techmques : Cos

‘

The sample contalner and samplmg devrce should be clean and uncontarmnated Before the' -

sample is taken, the contalner should be rinsed several times w1th the wastewater

Eachr sample should be labeled wrth an identification card contammg, asa mxmmum, the followmg

mformatlon )

a.- _D)ﬁsignation orlocation of sample collectlon. B

o ! * . ) . !

c. lndxcatnon of grab or composrted sample thh appropnate t1me and volume mformatlon o

d.  Notation of mformatlon that may change before laboratory analyses are made 'I'hrsl '

would mclude temperature pH, and appearance.

¥ . . o 't

v

.‘. The above precautlons for obtammg a representative sample are apphcable to chemrcal bactenologxcal and'
radlologrcal samples The latter t\\gp types of samples requ1re additional } precautlons however

E ik . egfﬁ
2 L 5;. L' p

-The volume of the sample obtamed should be sufficient to perform all the requued analyses; ‘
, plus an- additional amount for repeating any. doubtfu analyses The requrred volumme of sample

" for most analyses is shown in Table 6-2. The lower vajue is for concentrated wastestreams The
" . .minimum volume of a grab sample should be betweef 1 and 2 liters. Individual; portlons ofa.
composite sample should be at least 25 to'100 ml. pendmg on the frequency of samplmg, '
and the individual sample: volume the total composited sample should be betWeen 2and 4
liters. Lo ool

In some cases, 1t may be desrrable to accumulate a number of mdxvrdual samples for -
'composrtmg at one time, such as the end of a work shift or the end of awork day. It,would be

“not altered. Refrlgeratlon in.some instances may be necessary. ‘When the storage of a sample .



. TABLE 62
' 38 - q 2
T VOLUME OF SAMPLE REQUIRED FOR- -
.~ . DETERMINATION OF THE VARIOUS -~ .
. ' . CONSTITUE NTS OF INDUSTRIAL WATER (
} . .
' oo Voluine of Yoo _ : Volumeof ~ ~
. Sample,? m} t S - Sample, *ml'
» , PH.\;SlCAL TESTS o L e
- . S R Misc'eIIan'eouS' U T
_*Color and Odor .. ¢ w100 to 500 Hirdness ........ e 50 to 100
*Corrosnvnty ............... .". . flowing sample Hydrazine ... =, . SRR T TR 50 to 100
*Electrical conductixity . .. R (14 Microorganisms ........... .%...100 t0200
- *pH, electrométric-. T A S N Volatile and filming amines . . ... .500 to 1000
‘Radioactivity ... ... - Oily matter .......... wew....3000to 5000 °
*Specific gravity "..... Organic nitrogen .............: :500 to. 1000
, *Temperature ....... Phenolic compounds .. .«.%..... 800 to 4000 -
*Toxicity .. .......... 4.4 . 1000 to 20 000 ' pH, colorimetric .......... .. 0., 10t020.- °
*Turbidity . ..... e : ........ 100 to 1000 Polyphosphates P iy lOO.t'(} 200 .
L ' S Silica ......:.... eeteiieis. 2050 t0 1000
CHEMlCAL TESTS - Solids; dissolved ... .v..on. . 100 to 20 000
_ g : Solids, suspended ... :v. ... I...501t0 1000 .
DzssoIved Gases. Tannm and lxgmn ceesaeaaens ...100 to 200
-+ Ammonia, NH3 ..... AR, 11! Canons a
- tCarbon dioxide, free - S . . -
s C02 ....... 200 Alummum AI+<H....._..v._._..4..100to,1000 ‘
fChlorine,-freeClz....................200' TAmmomumNH4+..’....;......;' ..... 500 -~
tHydrogen,H, ........... i, 1000 Antimony, Sb1+ to Sh++++ ... 100 to 1000 -
+Hydrogen sufﬁde st. e ..500 Arsenic, AstH to AstH+++..... . 100 to 1000
0XYygen, 0y ... ov-- ... .50 to 1000 Barium, Bat+ ........ s 100 to. 1000
= 'TSulfur d10x1de free 802 R 100 - Cadmipm,_CdH R 100 to 1000
t ' Calcium,Ca*t................ ,100 to 1000
stcellaneous *. Chrémium,Cri+t to Crit+++++ [ 100 to 1000
Acidity and alkahmty ............ Wit 2100 Copper, Cutt .......c...L. e -200 {04000
- Bacteria,iron ......... e 500 - .~ . tlron, Fet*and Fet*+... “"‘a "'1 190:‘9 1000 .
" Bacteria, sulfate- reducmg .............. 100 ~Lead,PbH ... 3‘--' ------- to 4000
* Biochemical oxygen demand . .. ... 100 to 500\ Magnesrum MSH { 0001000
Carbon dioxide, total CO, - D " . Manganese, MnTto Mn 100 to 1000
(including (oo P ,HCO3 , T Mercury, Hgt and HgH ... .. .100'to 1000
. andfree).......... o ..l 200 PotasslUm,K*......;......-....100to 1000
" Chemical oxygen demand ‘_ ' . Nickel, NiH. % . oooiui inn L 100.to 1000
(dichromate) ............0... 50 to 100 “Silvers Agt L i 100°to 1000
~ Chilorine requirement ....:.... 2000 to 4000 Sodium;Na*.................100 to 1000
- Chforine, total residual Cl, ‘Strontium, Srt . .. ... e .100°to 1000
(including OCi", HOCE;". A Tin, Snt*and Sn++++ -, L., 100 t0 1000 .
" NH,Cl, NHCl,, and free)............200 . Zinc,Zn+t -.... eedee.lTei. 100 to 1000
: Chloroform e)g_tractable : T o & N ’
matter ..v.ovliieieieeinnn......1000 RO
Detergents ...............00uns +100 to 200 PR .
60
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s jPhosphate ortho, P04 ,

' prescribed in'the standard method of analysrs whenever the. volume is specrﬁed

TABLE 6 2 contmued '
VOLUME OF SAMPLE REQUlRED FOR '

. DETERMINATION OF THE VARIOUS
CONSTITUENTS OF INDUSTRIAL WATER

L Volumeof ~~ - - - L

e - Sample,?ml
: Amons T - '
Blcarbonate HCO e - 100 to 200 B
.Bromide,Br" . .... A 100
‘Carbonate, C03" ............. 100 to 200
“Chloride, CI" ... 0 .00 L0 .25t0 100 .
Cyanide,Cn" ........c..... L....251t0 100 ok ;
Fluoride, FI” - AEEEEERRLRRRY ... a..200 - )
Hydroxide, OH" ............. ...50to0 100 - R : '
sy, o lodide, I ool L, e, n100T C S
. Nitrate,'N03' ..... eiiieieof 1001000 L R
~ Nitrite, N02..........-...._..)...lS(}»_ﬂ?o100,- ) . AT ~

S PO HyPO, 5040 100

s‘ulfate,_so¢,uso4 “ie. . ¥0..100 1. 1000
--}ls i1, 10010 500

~HSO3". ....... +---5010 100

* Aliquot may be used for other determrnatlons : N | ‘ .
» " -t Samples for unstable constituents must-be obtarned in separate contarners preserved as prescnbed

) completely ﬁlled and sealed agarnst all exposure.

| 67 BacteriologicalSamples' T 3

' Bacterrologrcal samples should be obtarned in ‘wide mouthﬁbottles wrth a capacrty of. at least 300 ‘ml and

’ accomplrshed b)g shakrng prror to analysrs

6.8 SamplmgforRadroactmty B Ly i

. s

S e W

Y

equipped with ground glass stoppers. The bottles shpuld be sterile. One way of asSunng this requrrement is

by oven heat- “for 2 hours at 170°C. The bottles should not be completely ﬁlled s0 that mrxrng may: be

. .~;',-'-'
7.

Whlle sampling, only the lower part of the bottle should be held by the hand The mouth of the bottle
should ‘be_in. the direction of the current. ‘The stopper should be protected from contamination, whrle v
“-sampling and the samples should. be stored at 4°C rmmedrately, after sampli In.transport, the bo;tles -
- should be placed in an insulated ice box. If bacteriological samples are to be faken from a prpe tap the
"water should be allowed to tun for at least five minutes and the tap should be stenlrzed by ﬂammg before

the samplebottlersﬁlled S o . Lo ST

B . E . - coe - Lot
h N S 4

"Plastic or wax-coated containers are preferred. for ‘callecting radioactive samples because glass or metak

contarners are more adsorptrve Radroactrvrty can be present in solutron and in the suspended lnatter ln
v . . ’ .
’ . . N .. FEEE
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ERIC

Aruitoxt provided by Eic:

ddr 'to preverrt 'hangrng the radroactrvrty drstrrbutron between the suspended solrds and the soluble part

3

nq preservatron x;hemrcals should be added before the sample is' ﬁltered When the radroactrvrty content is

h, ) pnotectrve clothrng is requrred durrng sample collectron

The valence state of the ions may change by 'o'xidation"or reduction.
N v » <~

Cell productmty may change the BOD and COD T . o~

LY rThe orgaﬁrc nrtrogen and organrc phosphorous content may.| be bhanged Lo

example.,.arr should be excluded wﬁr; samples are>to be analyzed for*Oz* C02, NH3 st free chlorrne

pH hardness SGZ,NH4, FE *. agr ‘and alkahnrty

g 'at arr ho_ld not be permrtted to enter the sample__ ott'le and that the bottle
The pH should always be determined rmme;hately after thé sample has been
___llpnt should be determmed in situ or’ be ﬁited:wrth manganese sulfate and

am onstrtue.nts as"{ol‘lgws*

\. Composlte samples must be’ preserved in such a way that the: charactetrstrcs to be measured do not change :
'_ in: ¢ ‘quantity or. qualrty Specidl collectron ethods are someti eswequrred to avoid such changes. For .. .-

B 4

’ .

Preservatrves that do not 1nflue.n the. analysrs‘should.be' added 3rnmedrately after the sample is: taken o
_"'-Sample pneservatron methods for rndrvrdual“characteusttCs are’ tabulated in Table 64, Some avthors have- ,



Nitrogen, Ammonia
. Nitrogen, Kjedahl
Nitrogen, Nitrate-Nitrite
- Oil and Grease '
_'-.OrgamcCarbdn,
_pH. . s
- Phenolics
Phosphorous
oSolids' ;T .
_“Specific Conductance ~
Sulfate 8
-'Sulfide .
_ Threshold Odor :
Turbidity -

e .

eeo
: l

TABLE 6 3.

{40mg HgCly* per hter 4" :
.40 mg HgCIz'l per liter - 8C P
"~ 40 mg HgCl,* per liter - 4°C.

e RECOMMENDED SToRAGE PROCEDURE (7)

“2mlH 4504 perhter #c
2ml H2804per liter (pH 2)
Determme on site : B
lOgCuSO /1+Hg PO topH40 4 C R
. 40 mg HgCl * per. hter 4 C. CLm
Nope avarlable ‘ , i

. None required jr-' .

- Refngeratlon at4°C

" 2ml.Zn acetate per liter
Refrigeration at 49°C :.

. None Available .

*Drsposal of mercury-contammg samples is a recogmzed problem,

' replace it. as;bpreservatlve e

v ol

.~ Analysis - " D0 A samiple Stor _
| STEEE o - | Refngeratlon@4C Jgg “Frozen
o . : . . Sy - o
* . Total Solids . | ) ' o OK FEE - 0K
- Suspended Solids’ , -Up-To Several Days._ NQ E
Volatile Su‘spended Sohds(' - "Up To Several Days, - . N@-- -
.con - ~UpTo Several Days OK I
* BOD ',o'f: Up To One Day in Composnte Lag Develops '
- : Samplmg Systems.,’ f " Mustuse .
’ - 4 - Fresh Sewag
' Pt . Seed _ "
< — VAR - - : o
' o ' TABLE64 : ); e -
. e 7
SAMPLE PRESERVATION (5) o T
: I - R _Maxrmurn ' e
£ Parameter_ ¢« . Preservatwe . Hold‘ ing Perlod T
- v i .
Acndlty Alkalmlty v ’ Re_ftigeration,at °Cc . . . " 24'hours T Y .
" Biochemical Oxygen ‘Demand ( Refrigeration at-4°C. - ’ K 6hours . -v._:."lls,. K ]
Calcium . - Ny " Nonerequired = :  7days ' TR
Chemical Oxygen Demand 1~ 2mlHy80, per lrter ) X . 7 days '
. Chloride ’ ‘None required - ' "7 days
Color . S Refngeratlon at 4° C " -24 hours '
amde o " NaOH. topH 10 ' _24_'h'o'urs L
Dissolved 0xygen ' Determine onsite, " No holding. - .
F.luonde [T None required : 7 days*., .
‘Hardriess” ¥ None required - 7 days ’
“Metals, Total : ,5 ml HNO; per llter ‘ 6 months
Metals, Dissolved BRI Flltrate 3 ml 1] HNQ -per. hter ; 6. month_sg

7 days

' Unstable R

7days

24days -

No holding: - a
24 hours . I

C 7days -

7 days " -

7 days
- 7 days
7 days™ -
"7 days -

-7 days’

research i%estiﬁations areunderway to . -



6.10 Equipment Available for San

.o

6.10.1 Manual sampling

-

'A wrde mouth bottle with -an open'f of at least’ two rnches is recommended for ‘manual samplrng
Commercrally avarlable polyethyle sample bottles with a volumé’ of about 1 lrter are. acceptable for mrost -
-sampling and have the advantages of économy and safety. The wide mouth of the bottle is important-in .
order. to obtain the sample as rapidly as possrble lf the sewer-location does not permit obtaining a direct. .-
sample from the ‘wastestream, a bucket and rope can be used to “obtain’ a larger quantrty of waste from
whrch a drrecﬁ;ample may be ,taken -

o . ) ) B ) :\

A long-handled wrde-mouth cylmd;lml. dlpper of corrosron resistant mater;al could also be used in order to,

obtain sufﬁcrent wastewater for samplmg s _ S B
) L en Al S L .

'.;.' . o Il

h . . .
A werghted contarner mqy be used 'to hold and submerge a bottle while it is lowered into-a wastestreami. -
. Point samplers are weighted bottles used to.collect samples af a desired depth In operatron a werghted'-- -
bottle is corked and lowered into the wastestream at the desired depth the cork is removed by anothér line
.and the samnple is obtdined. For stratified waste tions, a graduated glass or plastrc‘cylmder open at both
‘ends, may ‘be. lowered 1nto the solution in ord€rto obtain a cross-sectron of the sample ln the sampling
posrtror), the cylrnder rs u ked at both ends b fa’level arrangement : '

Anothe_r method of obtarnmg a sample at an rnaccessrBle locatron is by use of a and-operated pump A'
_ tube".f e to"the su7 on’end of an ondmary pufnp may be lowered into. the wastestream from whrch the__l

INsE

samplersfcan- be connected to flow dey .
: samplrng liries sh’buld be kept as short as possrble and traps, and pockets in the lines where sludge can settle
’ _’r'ded Polyethylene feﬂon of. other plastrc contamers are preferred for sample storage '

T .

.\1,\ L

When the flow is nearly constant, the non- proportronal sampler is sufﬁCrent for collectrng a composrte B
- . sample. A srmple system is shown in Figure 6-1, whereby a sample is drawn from the wastestream at.a -,

A contrnuous flow rate. As water drains from the upper carboy, a vacuum is created which srphons waste into . -
, the lower container. The rate-of- ﬂow is regulated by the screw clamp 'If desired, the sample bottle could be .-
located in a refiigerator. Since the flow rate’is low, maintenance of the line is required to prevent cloggrng
by solids or bactenal growth. Another type of non-proportronal sampler contains an air .vent controlas
showr in Frgure '6-2, The speed with which the sample tank is filled depends on the setting of a valve
‘handle. All samplers discussed,in the next section are also applicable for non-proportionate sampling.
lnstead of connecting the sampler with a flow measurement devrce the sampler could be connected wrth a .
timer, drsregardrng proportronate samplrng : e
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. "6'.'10.2.2 Proportional Samplers .

.,'.There are two basic types ol' proportmnal samplers One.r. collects.a deﬁmte volume at,xrregular txme. e

. intervals; the other colleq,ts a viriable volume "at equally spaced tum intervals. Both. types are flow. ="
dependent, one dxctatmg theJtlme interval, the- other regulatmg the sample volume A sampler based on- ..

fﬂow may be similar .to the . ;scoop-type sampler- shown in’ Frgure 63 “The .scoop rotates at’a constant_"'
- velogity. After a predetbrmmed period of time, the scbop submerges in ‘thie: water and takes a.sample. The =
_volume of ite sample depends on the water level in'the chanmel: Reference4 gives'a demgn formula for: the.f‘}""‘"
. 'scoop. The scoop~type’ sampler is limited to wastewater w1thout high: suspended or ﬂoatmg sohds and must ;
be mstalled at locations where the ﬂow has a known’ relatlonshlp wrth the depth ¥ K

‘ Anothemutomatxc sampler consnsts of a motor-dnven wheel or drsc, mounted on:a frame and supportmg a.;'-. =
_number-of - freely—suspended “buckets ,-as shown in- Figuré 6-4. The small buckets are mounted along the
spokes of the wheel at varymg distances from  the axis. An mcrease in; the water tlevel ‘will cause more
- buckets to be filled and thus result in a proportionate. increase in- the amount of" sample bemg collected A

< very simple. proportlonal sampl ng device is a tipping bucket. The bucket emptles ‘itself when it'is filled, An‘.,',f' :

, indicator is used to record the\ number of times the bucket emptles The tlppmg bucket can. be used for
ﬂows in the range of 0.1 to 20 gpm o i

“The ﬂow porpor onal sampler may be connected to a ﬂow measurement dev1ce equ1pped< thh an
mtegrator The prmclple of, a flow proportional systemis schematxcally drawn i m F}gure 6 5 Note that the
ﬂow measurmg devrce may- & an electrlc probe a bubbler system or a ﬂoat L E s

Another type of flow proportlonal sampler equ1pped thh a solenord valve i shown in Flgu { 6-6 A
* constant sampling ﬂow is pumped through a pipe or hose tap. After a predetermmed volume has passed;-f‘
through the flow meter, the solenoid. operating valve is opened and'a sample.is. taken, The advantages of 3
constant wastestream pumped through, the sampling hose ate that bacterial: growth can bé _minimized and
"A.-the sample cannot detenorate while standmg in, the samplmg l{ose ThlS sampler can take avolume of: waste.;:
v from maccessrble sewers » g

*.An air lifts autom‘atlc sampler is shown in Frgures 6-7 and 6-8 The air llft is used to take samples from e
sewer when a pump cannot be used. When the compressed air supply. is shut off, the sprmg in the Sampler e :
raises the piston-which opens the inlet so that a portion of the wastewater entefs the sampler The air valve,_ ‘
_ is then opened and the, piston is. forced down, thus, closing the inlet. Compressed air . then passes’ through"
the air escape port 1nto the main chamber’ of. the sampler and forces the'liquid:1 up the sample lpne to the
. collectmg contamer The atr supply is then cut off and the cycle is repeated S

A comblnatlon sampler is shown in Figure -6- 9. Al constant ﬂow passes through the samplmg' chamber Tlv:,_ :
ﬂow passes ovet an’ \lad]ustable lever - weir and ‘then info a discharge line.. The sampl.lng dxpper will =
penodlcally dip a sample from the flowing stieam and dxscharge into a refrigerated bottle The total sample  : :
volume obtained can be regulated by the size of the individual portions. The flow rate m the samplmg line .

(34 fps)i is sufﬁclent to prevent s1gmﬁcant growth of bacteria in the hnes o o i

For water wrth high suspended solids' content Or corrosive. character1st1cs a vacuum can be used to obtam""f":_" i
the ‘samples. A vacuum-type automatic sampler is shown in Figure, 6-10. An interval timer activates the . . .
“ vacuum system which llfts liquid through ‘a suction line into the sample ‘chamber. When the chamber is
filled, the vacuum is autgmatlcally closed. The pump then shuts off and the sample is drawn intQ the _
*-sample container. ‘A secondary float- check prevents any liquid from reaching' the: pump. The suction line
drams by gravity back into the source line. With the vacuum system, no pockets of fluid remain to°
contammate subsequent samples: An-optional- feature~prov1des pressunzed blowdown: of- the-suction-lines “—
Just prxor to samplmg, assuring that no old ‘material, Wthl'l mlght contammate the new sample remainsin .

e
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the \lll)lllClL,U.l end ol thc luh‘gﬂrc blo e
; ’plug ing and. provides a Iresh-ait purgc % "
u

. upper sprocket filled with samplgr;

- sampler, as shown'in Figure.6-1 s pi
: proportronate and non.proportro

' ;Slrco mariufactures another £ _

. guide into the effluent. The Q’rp :
I-its return, the cup empties theljg,_
: .The dewce is. motor controy

8
69
A
8
_g]_
[v]
N
§
5
=
;5

C .

e récommended - th

" pressure:- o R

i lc*.rlurg clc.rrs thie- llnc ol accumulatlons which mrght cause .
rflfm systcm lhrsosystcm can operatc on a fige rntcrval basrs
or on a signal trom Qow meters “or ot }
can ‘be located in a rclrrg,c‘ratcd aro

“iabout %0 lm.t S _ ;_«n :" ]

""nless steel cup mounted on an endless cham When ac{rvatedQ)y an -
rs.carncd down through the wastewatei and returns around the -
rs drSLh:lrged into a sunable contamer The umt then rests untrl the

: mterval time control ‘the samplm

" next sample is requrred "Contro :
- designed " for permanent mstallhrgg%s

sam ples with or wrthout refrrgeratron\ -
:., h s . . .
cup sampler whereby.the samplmg cup ‘trayels through a perforated
frin the: gurdé takes a simple while traversing the depth of the fluid. On
_.le- mto’sa ‘suitabje, receiver; The Sirco system is shown in-Figuie 6- l2.
-f.em be regulated‘ @rmer or a flow proportronal recorder ' .

c.rﬁw . e

.Srgmamotor offers‘a wrd’e,v " 2
__samplers may be. portab gt pIeJar may be refrrgerated and the pump controlled by

a timer or flow. mtegratorﬁ Two tygss of pufisfs.are available; .one_for relatrvely clear wastewater, and one

. for sampling effluents with 1q g | s -andcPegad? particles. Prices for the different systems vary from $400

to Bk ‘ ) ®kis limited, to-about 22" ft. Figure 6-13 shows a portable
automatrc sampler,Lg.nm?‘pr

sam:plmg;may also ‘be. altered t' jof grab sarnples or a number of composrte samples over a-

‘ B ) >

‘ places where suspended.'f p» .estewater may. cayse problems with other. samplers Samples are
actually blown out of Viq¥stream with compressed ‘air by use of the so-called “Duckbill” which acts as’’
a check-valve af fh ius preventing air from: escapmg back through the inlet. Compressed air is!,

- introduced mto the : tmg which torces the waste ,sample out the bottom fttmg mto the coIlectmg

‘ the ertical inlet and thrpugh the “Duckblll”'slrt until the sampler body is filled

. above ‘the vent f"ttmg but- below the top of the “Duckblll ” A trapped air pocket in the dome keeps the
7 sampler from Fllrng completely. The sampler is now ready for a burst of compressed air to “call jn” another -

le tG the, uqlgctmg station. Reverse leakage of the sample back through the rubber “Duckbrll” i
land Sampler may be portable and used to take- composite samples proportionate or

' f'low For samplmg wastewater wrth a suspended solids content’ over-200: ppm, it is

‘a controller be:-used. to fill the. Sample chamber with air mstead ‘of water. between

an‘fplgg /I‘he cost of the.Markland Samplmg Unijt varies between $500 and $1000

o o ts . ) ‘

6 10. 2 3 Chemlcal feg’

o

Chemrcal feed rnjectron pumps are used to W|thdraw samples from wastestreams by reversrng their action;
howevér, thgidiae of injection pumps is limitéd 4o soluble wastes. anectron pumps usually operate on the
pulsatron pri |ple caus:ng small volumes of chemical solut|ons to" be mjected into flowmg water under

b

L : ( : AT : ’ ’ .

5 pri Es rangmg f rom $9QO upwards “This sampler is. desrgned to collect |

ey Iers equrpped with penstaltrc tubmg type pumps These :

thosite samplrng Automatrc samplers designed for composite -

land Specralty Engmeermg Ltd. and shown in Figure 6-14, is used in -

‘,v" R . . . . o ~\“

;

;
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L Because they are capable of metermg small quanutres of quurds, they are surtable for wrthdrawrng small
="’vo]umes of waste from seWer lines. A timer may be used to regulate pumprng mtervals during heavy flow
perrods in order that. the sample is taken proportional to the. ﬂow ‘Feed: pumps are usually provrded wrth

. "'adjustable-stroke and: varrable~5peed features that regulate the volume of sample berng co]lected
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. ~ Chapter.7 o L v .
FLOW MEASUREMENTS . L T
% . . L . . .

) K

' An essenual gart of the wastewater survey is the collectroh of ﬂow data. The desngn of wastewater.”
" monitoring and treatment faulrtres requires knowledge of Pow rates, flow varrabrhty and total flow. A

varrety bt flow measuring methods and devices is available. The selection of the proper méasuring. method :: o~
Or device will depend on such factors as cost, type and accessrbrlry of the condurt hydraulic head .rvarlable,

~and type and character of* the wastes. When the properties of the wastewater are known, a surtable '

measuring or monitoring method may be’ chosen: Since each plant has its own characterlstrc wastewater

’ ﬂow system only general consrderatrons wrll be presented

.7.2.( Typ‘ésomow" B

72 Sorne Basic Hydraulic Considerations " R

4pressure -conduits. There are two types of open channel flow to consider: steal

F P

W which 1nd|cates a
constant rate of di'scharge and unsteady flow which is indicative of a variable rate of dlscharge with time. A
flow is said to e uniform.if. the velogity ,\md depth are constant along the conduit and non- unrform ifthe =

velocrty, the depth, or both, ¢hange along. the qmtdurt The mstallatron of flow measurrng devices should be ..

at a location wlaére theﬂow 1sun1form T ¢

s-‘

* Pressure ¢ondu1ts wrll usua'lly be used for. m’ggmrng fresh water lines. Thus a sUnple water meter -may bes- .

-used for measuring fresh watér flow: For large“r’lrnes the:installation of an onﬁce nozzle, or venturi meter
should be considered:- An orifice is inexpensive but’ has the drsadvantage of a high.pressure loss and the

' possible accumuldtion®of settled solids. An orifice exhibits great flexibility in covering different flow ranges. .

The véiituri meter is accurate, offers little head loss, free from solids accumulation, but is relatively . .
expensive. The tharacteristics of the flow nozzle fall between an orifice and a venturi meter. A promisinig
development for monitoring wastewaters ‘with high suspended solids content s the magnetic flow meter.”

v-For small flows, up to about 30 gpm, a bucket and stopwatch is usually an easy and economical method

"

. .
Fo reely ﬂowrng sewers, one of the open end methods for, ﬂow estrmatlon can be economrcally used. In -
using the friction formulas, large errors result from maccurate determmatron of the slope and coefficient of
roughness. However, for most wastewater Surveys, fnctron formylas are sufﬁcrently accurate and can be.,

“checked by the use of floats- to compare computed and observed velocities. For inaccessible sewers, the salt B
. dilution method, using (.onductrvrty determrnatrons can_ be used for flow estrmatron and contrnuous

monitoring. _ .
For batch processes the chan§e in level of fluid 1n the tank or the rate of pumprng, ‘are. convenient flow -
measunng methods For large sewers, the installation of a weir or flume control sectron should .be

_ consldered ‘The flume should be used i in wastewaters with high suspendcd solids because of its self-cleamng

~easily installed at relatively low cost SR . S

" properties. Werrs are less~expensrve to install than flumes but weirs require more maintenance; however, the °

loss.in.héad'in a flume is less than a weir. The srmplest type of flume is the Palmer -Bowlus flume whrch is

1

. Y] i v : : .~...'.l.‘
v A" . T o “/ B
Th'e following ﬂow_ measuring methods and deviges will be discussed in more detail: A& .
1. Flow Measuring Devices sor Pipes - - o S
a. Venturi meter- o AR ' N - o,
. A om0 I S -

(\."., N R N . L.
- -4



"‘| - * . - .
.Y ]
g 'fﬁ C o N .
IRy "‘;.:&">/E'.'low nozzle S
B AN T hee *
L ¢ bt oM ) e.
o &O’rif},ce R e o .
L._ . . , _Y T » - S ’.‘
‘d. Pitottube .. - .- ’
e. Magnetic meteg; :
f. ‘Rotamjéter . — ‘ , L
g. Elbow meter - . o » L
2. Methods for Computing the Flow from Freely Discharging Pipes |
' B T Toe _
~"a. Pipes flowing full: - Y
(1) Nozzles and orifices - )
(2) Verticalopen-end flow ~  ° : o
~b. Pipes partly flowing full . ,
L __‘@(l) Horizontal ori sldped Qpen-end method _ o
A 4 . . :
v - L . . . P L .
- (2). California Pipe Method  * <" |
(3) Open flow nozzles ~ :
' c. Meihqu and Devices for Measﬁring the Flow in Qper‘h’anhels
¢. (1) Current meter .~ , . <
(2). Meésprin:g the depth only _ .
(3) Measuring the s'ur'fac_e and velocity and depth
" (4) Pitot tubes - R
(5) Weirs "‘.'
@) Flémes = . 1 3
3. Miscellaneous Methods . . T “
) . .. e . ‘ ) . . .
a. Dilution method =~ ~ T . . -
. b. Bucket and stopwatch (calibrjed vessel) ’

) .

c. Mqﬁsﬁri‘n_g level change in tank " St

d., Water meters on incoming lines * , o
- :" .'_.4‘ LT 84 "
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7.3 Flow Measunng Devrces for l"pes

. » ; . . "

73.1 Venturi Meter . o . _ ‘ L
N A . . r

_ Th nturi meter is a pipe segment consisting of a converging section, a throat,, and a diverging sectron An ‘

ple of a venturi meter is shown in Figure 7-1. *In the venturi tube, a part of the static head is.

transferred into velocity head. Therefore, the static head in the throat of the tube. is less than the static -

head in the channel. This difference in head is drrectly related to th}‘ flow. The formula for calculatrng the
ﬂow in a venturi meter is as follows: :

. . . E
N . R

Q = . 098AK/H o ', ,
“or L ' : N s ' R
q = 440AK/H
: e
where ' ’
q volume of water, in gallons per minute .
Q = volume of water, in cubic feet per second
'C 4= discharge coefficient, approximately 0.98 7/
A= throat area, in square feet = ' . -
S H =H, - H,; differential head, in feet of wgter e
- H;= pressure head at center of pipe at inlet section, in feet of water
H2 pressure head at throat, in feet of water .'
i ‘ . . (""—
“ . . B . . ) = . \ ] V
K..= ay G _[2)- - '(Ohtain-.values‘ofK from Fig'.7:2)
. ) dl : . . » . X ) Iy
where -
g = gravity constant, 32.2 ft per sec per: sec' :
dy = throat diameter, in feet. \ .
. dy = . diameter of rnlet pipe, in feet . . ‘ : C e
. e .- o . Sy
. . : S {
Venturi tubes are frequently employed where high pressure recovery is essentral or where large amounts-of ’
solrds in the flow stream would tend to collect in front of an orifice plate. .. -~ - Lo ey
s : :

By use of Frgure 7-2 -the ﬂow through the meter can be calculated when the drfferentral pressure is
E measured : : :

- .
o -

'.-The mieter must be mstalled downstream from a section of sirmght and un1form prpe and the requrred
l?ngth of straight section depends on the ratio of throat diameter and pipe diameter and should be from S

to 15 ?rpe diameters. Manufacturers of venturi meters will routinely size their meters fora speclﬁc use. lt rs" '

rmportant however that the meter be installed accordrng to theu' mstructrons g

. . By
.3."" ‘ " - }
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" VALUES OF K- v
- . . .
N
'_

”.‘a,o., o 02 03 04 05 '06‘ 07 08 09
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; v fae . ‘f\. . . '
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" Figure 72, CURVE FOR DETERMINING THE VALUES OF K USED INTHE *
'« ORIFICE, VENTUR, ANDFLOWNOZZLEEOUATIONS(3)
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_7.3'.2,F|o§v'Noz'zre' S

‘ LY

A flow nozzle, isa measunng devrce with chara(.terrstrcs between . the ventun ‘meter and an orrﬁce asfaras .
+head loss and cost are concerned. The flow measurmg principles are the same, inasmuch as'static pressure is-
. tradsferred into velocrty The flow formula for the venturi t is also' applrcable to the nozzle Flow
nozz]es can be used in wastewater flows containing moderate amounts+of sagpended solids. A number of
flow nozzles are available com;nercrally A typical examp Rhown in Frgure“l\3 Each manuﬁacturer uses .
4 slightly ifferent nozzle form ra g from a venturi to ag@Mice. The characteristics Jof a nozzle can be.‘ '
) predrcte&dependmg on the type of iHeter they resemble most. B ventur or onﬁce charactenstrcs

"l 4

N \\ . LA

7.3.3 OnfceMeter R

‘The prmcrples of operanon of an ori

* the ﬂow and the basrc formula bern

v "~. ' .& L . - . %;.ﬁ-
Q= " CAK vH j(same as_.ve_nﬁr

' The ’orrﬁce is qurte useful*wrth varratr:;r\s'-m fl6%
drsadv tage to the ofifice is the, large ‘head Ik .
presSure loss for the ventun q,lbe the nozzle PIM

. compared in Figure 7-5."
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" ORIFICES AND THEIR NOM|NAL COEFFICIENTS
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| Fig!I.l.l"'o 74. COEFFICIENTS OF SEVERAL TYPES OF OﬂlFICES (2)
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734Magnetrcl"lowMeters';'. I R

Several manufacturers supply magnetrc ﬂow meters that _can be used suecessfully in places wher _other
) types of meters would-become clogged by solrds The magnetrc flowmieter operates accordrng to Faraday Q

Law of. Induction; the voltage induced by a ~tonductor moving at right angles through a magnetrc field will.

“he’ proportional to the_velocity of the conductor- through the field. In the magnetic flowmeter, the. process

quurd is the vonductor, and a'set of electro- agnetic coils in the ﬂowmeter produces the field. The induced

voltage is drawn off through the flow ectrodes- w}uch aré in contact yith the liquid, and then

tranSmrtted to a conveyter for srgnal condrtron , A magnetrc flow meter is shown in Frgure 7-6 o L

ln a givert meter the rnduced voltage. : .,_.functron only of quurd velocrty, and is fot. affected ‘by

temperature, viscosity, turbulence, or conc uctrvrty (above a mrmmu’m threshold of 5. migro-ohms). For

quurds with conductivity values of 0:1 to S mrcro«ohms, a special srgnal-converter isaneeded. When the

. pipe diareter and measuring, ihe, ‘wverage velocity are known, the flow rate can b‘mned The mag-
&

netic flow meter can be used in prpes ‘with a drameter as small’ as 0.1 rncht

- .
,\‘!- . .

’ B : . . ® )
The’ accuracy “of the meter mpteaSes with rncreases in velocrty, a one _percent accuracy berng obtarnable for_
-flow velocities from 3 fo 30Heet per second. The ‘magnetic flow meter does not result” in “head” loss the
- pressure loss i no greater than ,for ﬂow through an equrvalent length of’ strarght prpe o .

735 Prtot’l‘ube o o S ‘_ﬁ

e
-

A schematrc dragram of a slmple Jpitot’tube is shown in Frgure 7-7.1In operatien, the velocrty of the flow is
calculated from the difference in head measured on the manometer. The pressure in the left tube measures
the stat1c pressure in the pipe and the right tube measures the stagnation. pressure, or the pressure where the
~velocity is zero. Commercrally available pitot tubes consist of a combined prezometer and total head meter.
" Pitot tube measurements should be made in a strarght section upstream free of valves, tees, elbows, and
other fittings with' a minimum-distance of .15 to 50 times the pipe diameter. Wheri a strarght section is not _
possrble a velocity profile should be .determined. experrmentally Pjtot tubes are not practrcal for use with '+
quurds with large amounts of suspended solids because of the possibility of pluggrng In large prpes the
prtot tube is one of the most economrcal means of measurrng flows.

736 Rotameters AR S . B b %"’,_
Rotameters are tapered tubes in which the fluid ﬂows Vertrcally upward A metal float in the tube comes to
qurlrbrrum at a point where the annular flow area is such that the velocity increase has produced the =
necessary pressure difference. Rotameters aré srmple, 1nexpensrve and . accurate devices for mieasuring
relatively small rates™of flow of clear, clean quurds For this reason.they are often used t6 measure tHe water -
rate into individual processrng steps in manufacturlng operations. To marntarn accuracy ina rotameter, it is
) absolutely eSSentral that both the tube and float be. kept clean. .

7.4 Methods for Gomputmg the Flow from Freely Drscharglng Prpes ﬁ‘ o L
74] PrpesFlowrngFull o '-, _ ' - o . ' ' - . . —
7.4 1 Oifice - '_ ; f “ o o

An orifice or nozzle can be located at the end of a fully flowrng freely.discharging pipe and the equatrons
for the previously discussed orifice and nozzle will apply. prever since the static pressure at fhe.
downstream end Qﬁ the orlﬁce or nozzle is atvl)-rospherrc, only one upstream pressure measurement 1s .
requrred : . ¥

- /7 N : '. .
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742 Prpes nowmgrmry Full e T SRS

-

7421 Honzontal orSIoped Open. E.(i Prpe e

lt is possrble to' estrmate the flow from lled or partly ﬁlled prpes by measurrng tWO characterrstrc leng d
of the- E’tream after-it has left the pipe andji is freely drschargmg into the air. “This situation is common for {1
outfall of elevated sewers. The method lacks the precision and ¢ accuracy of conventronal meters or weirs but: !
- is often: sufﬁcrently ‘accuriie for rough- flow estrmates and is relatrvely mexpensrve Frgure 7-8 shows 4
partly ﬁlled sewer freely drschurgmg into the air. The twe charactenstrc lengths to be measured are’ and.
Y. Thé X-aXIs should always . be parallel to the lrné of the: sewer and the Y-axrs should be perpendrcular to’;'.'
- the ground The formula for calculated ﬁow ist o Sl :

(_') »= M j.n._gallons':'perminute -

< 3
v r A A J Y‘ : .
’ . o ‘ 2 ,:;1 .
where »
N ) ' S o B
e A= "wet cross-sectronal area of quuld 1n the ptpe in sq ft
{ L o

=

; ’-;" ' Y sEE vertlbal drstance from water surfaceat drscharge end of the prpe and rntersectron of waten
' vsurface w;th vemcal gage in ft L T T T A l:M_

" = 4 0 X in feet per: second/ &

The ﬁow of wat r drscharged from the pipe is determmed fmm

PRI RS .

',where_ A :is"th'e et cross-sectlonal area 1n sq ft Thrs me:hod is known,as the coordmate or trajectory
< method.. ' '

. 4 . . D) . /
T e . ) . N . ’ . P
Kol ey . S P . r . S / - (-

"7422 Cahforgr PlpeMethod e

. The Calrforma Pipe Method is used to measure thc rate of ﬁownn a partly ﬁlled honzontal prpe havmg ﬂee
drscharge The h rrzontdl part of the pipe shQuld be /at least 6 times’ the, drameter"lf ‘the pipe is not~

.. horizontal, a Horipontal gctron can be added as shown Frgure 7-10. Once the diameter of the pipe is
‘%  known, only. the. istance from-the top of the sewer to’ * water surface iS required in order. to ob,tatn the

© 7 flow.rate. The outfall depth is related to the critical dep thus maku;g the. ﬁow determmable 'l'héﬁl‘l’owzj
»s - may be calculated y the follovmng equatron TR . ; .

= gallons per mrnute




where:

‘_‘T = 3900 (1-3)188 : S,

d = diameter of sewer, m ft | J )
~a = d minus Qater dbepth,in ft

W = d2.48 _ .

-

o

. v ) -t
Values for T and W may be obtained from Tables 7-2, 7-3. An air bubbler or a water level recorder may
be used for the continuous measurement of the water surface elevation.

. ™ TABLE72 ~

| VALUES OF T FOR CALIFORNIA PIPE FLOW FORMBA (4) + -~
T =3900(1-%)1.88 .

a a_ S a N ,%

- T . T i, T o d ’ T. ¢

. , - o — . =

0.00- . 3900 . 035 1740™ - 070 g4 410
001. | 3830 - - 03 160 . 071 . “* 380
002 - 3760 037 - 1640 .02 360
003 . 3690 038 159 - 073 - 330
0.04 3610 039 - 1540 ° 074 .. 310
005 . 3540 G40 1490 075 290

0.06. " 3470 041 1450 076 o270
007 - 3400 J042 - 1400 077 - 250
0'08 " 3330 Coa3 ' . 1350 078 - 230
<009 3260 0.44 1310 079 210
Q0 3200 S 045 . 1270 080 100
o1l 3130 046 1230 . - C 081 4 170
02 © i 3070 . -047 . 180 © 082 . 160
013 + . 3000 . 048 ' M40 . 083 . 140
004 2930 > 049. 60 0.84 125
005 - 2870 . 050y . 1060 " 085 10
016 . 2810 st , 1020 “N\J086 97
017 + 2750 o052 930 Jo087 8
0.18 7690 © . 053 915 ¥ o088, [ B713
~0.19 2630 . 0.54 ° 905 ° - 089 - 6l

020 2570 © 055 . 870 ' .090 st
021 . 2510 056 830, 091 . 4
022 * - 2450 . 0.57 800 0.92 34
0.23 © - 2390 058 760 093 26
0.24. - 2330 0.59 730 094 20

-, | }
714 Q-
- ' 9\’

v




_ TABLE 7-2 (Continued) - - o
“VALUES OF T FOR CALIFORNIA PIPE FLOW FORMULA (4)

= 2300 (1.2 . 3
| .  T=3000(1-3)188
‘e R o A
ry T .4 T d T
0.25 S n1 060 700 095 14
026 2210 061 - 660 096 9
0.27 2160 062 . - 630 0.97 .5
0.28 2100 . 063 - - - 600 098 3
0.29 200 - - t064 .. 570 0.99 1
030 1990 ©ip65 . 540 s
0.31 1940 - 066 . S10 - .
032 -, 180 - 06} * . 480
033 '+ 1840 . w068 . 460 .
034 1790 \ 0.69 430 . e
| L TABLE7-3 .
" *  VALUESOF W FOR CALIEORNIA PIPE FLOW FORMULA (4 ’
e _ 4248 A o
; w=d o
Pipe Diameter - U oa ‘ . W
Inches . - , " feet | '
- ~ ; (oo
3 025 3 L 0032
4 = © 033 _ | 0064 -
6 . o oes0 : 0.179
8 | - 061 - 0.370 -
) 10 083 co 0630
12 100 : 1.00 -
14 . ‘ 7 148 ,
15 125 - . 174
16 133 : ‘ 203 °
18 - o - 150 - o273
20 . N V-7 A ;387
21, | o 175 . 401
22 | ‘ 1.83 S o 448
c 24 T 200 | - . 558"
21 225 \ 747
L 30 ‘ 250 . T 1970
' T 33 CoL 275 S 1229

.36 N -3 . 1525
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Adjuuoblo nut so that
Xaxis Is pamllol to sewer
" and Y oxis is veitical’

' ‘E"_:(dopth in sewer) ___\

b= (q/mm from bonom of ptpo 1o surface of follmq liquid)’

\\\_

#I-Y= c+b

For sloped sewers or pipes: .

K

Open-Pipe Flow Measurement - This device,’ ad]ustod to the
siope of a sewer and calllmnod can thon be clampod to
the sewer outfall.

Figure 7-8.  OPEN PIPE FLOW MEASUREMENT (4)

e T

7-16




A = Cross-sectional
- area (sq ft) of
water in pipe -

" Mid - depth ¥

CWhenYAIH = | o \\\\\\

* Velocity (V)

e Y11
|
I DN

= 40X
- . . . ] /
Discharge in GPM . .

.= 450 AV

N O — ol
X (ft) to center of stream

/

s '
>
.
Y

/ _ -,, ',\..' N e

L S / l
, | - | .

. Figure7:9.- HOW TO MEASURE DISCHARGE FROM A PIPE (4)
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AT LEAST ‘
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inclined pipss should be connected to _
a horizontal’ length of pipe by hose. . .

b

v

Figure 7-10. CALIFFORNIA PIPE FLOW METHOD (4)
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© 7423 Opcn FlowNozzles

.. For accurate and continuous. measurement of ‘flow, the open flow nozzle (See Figure 7-11 ?15 quite

. practieal. Two common types of open flow nozzles are the Kennisen nozzle and' the parabolic flufne. "These
"~ nozzles are attached o the end of the pipe or channel. Each nozzle is rated accordrng to the rglationship
between the water l¢vel in the nozzle and the flow. These devices can register ‘the flow contjhuously by

. placing a float in the nozzl¢ whrch is connected to a recordet. Table 74 tabulates the di ensions and
A apprermate maximum capacrtres for various sizes of parabolrc flumes and Kennison nozzles. /

|

TABLE 7-4

; Nozzle Length . | . Capacrty (Gallons
B _ (nches) . -~ _permin)
' Parabolic- KendiSon - Parabolic  Kennison
L8 127 o, 190 190
. ' 35. - 16 i 395 . 313
’ . 43 20 : 675 587
. 50 . 24 T lo40, 869
‘ 16 y 66 32 . 2030 - 1880
/20 - . -1 - 40" - . 3410 3130
24 o . 96 48 e . 519 5180
- .3 - - 119 60. ' : 8700 8050
36 142 72 13500 . o 13500
7.5 Methods and D:-.vices Foi Measuring the Flow in Open Channels | ST * d

2 Various pethods for measuring flow in open channels may be used depending on the geometry of the
. sewer, accessibility,.and the range-of expected wastes flows. Conynon methods of measuring open channel '
- flow .include the current metE‘r, depth measurement, velocity-and. depth. n"feasurement pitot tubes, werrs
flumes, dilution method, bucket and stopwatch tank level, water meters, aral pumprng rates.

7.5.l Current'Meter ' S v :\S. - .

The current meter is a devrce consrstrng of a rotating element whosospeed of rotatron varies wrth velocity
of flow. Current mete.rs must be calrbrated( the calrbratron table usually nf)erng provrded wrth the . *

" instrument. - . - L - - .
” . ' I S - ) ’ )
“The current meter may- be used to measure the velocrty off ﬂow in- both open and closed channels and
measures an approxinate‘average velocity when plated -at a depth of - 0.6' below the water surface in

an open channel. Another widely used method to obtain zan’ average flow is to take the average of the ' *
velocity at 0.2 depth and 0.8 depth. 1t is recommended that the velocrty be measured at $everal places
within the cross-sectional area. The current meter is usefyl in cases where irisufficient head would preclude’

. the use. of a weir; howeve(. the depth in | the sewer must be sufﬁcrent to permrt the use of the meter.

' \

Q

' LT y . -, 'h ~
752MeasurfngDepth0nly : o , % o . .
‘ L R : . '
Whln the slope and coefficient of roughness are known, the Mannmg formula can b; used tos roughly

’ estrmate (lows by measurmg the depth alone. - : K R

. .
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+7.5.3 Measuring the Surface Velocity and Depth in Partly Filled Sewers -
When the wet cross-sectronal area and the average velocity are known, flow in a sewer may be obtarned by
the formula Q = AV. The wet area is determined by measuring the depth and the average velocity can be

, estimated by measuring the surface veIocrty Fortunately, a r¢latively- constant relatronshrp exists between

+ the surface velocity and ‘the average velocity of a stream, the avetage velocity being approxrmately 85
percent of ‘the surface veIoCrty The, surface velocity can be measured by placing floating material in the
sewer and measuring the time it takes for the float to pass a measured distance downstream. Any floating
material can be used, such as c{r‘k‘wood oranges, or a stoppered bottle. A straight-length of sewer line,
free of obstructions,; will give arrly good results. The process ‘should be repeated 4 to 5 times and the
average surface velocity obtained. If time differences between runs vary considerably, about 20 to 30
floatings should be made in order to obtain a distribution curve. The mean of this curve should then Be
used in .determining the mean surface velocity. The depth and velocity of flow should be measured_
simultaneously and the wet cross sectional area can be obtained from the depth measurement by using
Figure 7-12. This method is not very accurate but is useful in the prelrmrnary surveys so that the size of
required flow measuring devices can be determined. When thé sewer is flowing too full to use a weir, thrs

-method is probably the most practical. ‘

_7.5.4 Pitot Tubé | S ) ' o { |
" L(’ - N

* The pitot tube can be used to measure the velocity flow in an open channel. For locations where veIocrty is
to be measured, thessame considerations should be taken into account as with the current meter. The pitot
tube’indicates a head reading of about 0.2 inch for a vé‘fbcny of 1 fps, the prime limitation being 1naccurate
readings in sewers with low flow velocities. .. L . : U
755 Weirs . ot R |

. ) . . . - s » e -
| & | ell's ‘ . . - . s F
The weir is a commonly used device for measurrng waste ﬂows 1nasmuch as 1t is generaIIy e

-

‘weirs consist of a vertical plate with a: sharp crest, the top of the.plate being erther strarght
Weirs can-be installed at pipe outlets, in manholes or in epen drains. Figure 7-13 shows three co
of sharp crested weirs with complete’end contyactions while Figure 7- 14 shows a sharp crested yer

' Proper form of the crest is’important for acthrate measurements, the water ﬂowrng over thi crest berng :
~called the’ nappe. The main problem associafed with rectangular weirs is that the flow will be, contracted .
when it passes ‘over the wei. Thus, the effe tive width of the weir is smaller than the width of the crest,
The Cipolletti weir, Wthh has sloping side was developed in order to compensate for this contraction and

to be “able to use the width of the crest for flow calculatron ln order to desrgn a weir that operates
satrsfactorrly the foIIowmg general requrrements should consrdered

o
)

“1. The weir should consist \of a thin plate about 1/8 to 1/4 inch thick with a straight edge or a
- 'thick plate with a knife edge, the sharp edge being importdnt for preventing the nappe froth _
adhenng to the crest .The height of ghe weir from the bottom of the channel to the crest shouldsr —,
be at least 2 times the expected head of water above the crest; this ratio being necessary.to
~ lower the veIocrty ‘of approach: Also, “thé upstream veIocrty of flow should be greater than 0.3
- ftfsec. ~ . R
2. Itis important to ventrlate the weir to prevent a vacuum from formrng on the unders\de of the
falling water. ‘ .

N . . .
- . . - -
‘. ‘ .
r

.
.
hd -

3. The connection of the weir to the E’hanrlel should lﬁe‘ waterproof. There‘fore, tHe joint between

~

e 104 f : B "
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Figure 7-12. DETERMINATION OF WASTE FLOW IN PARTIALLY FILLED SEWERS (5)
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© Figure 7-13.  THREE COMMON TYPES OF SHARP.CRESTED WEIRS
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the werr plate and cllan should be packed with a chemrcdlly inert cement or dsphal( type
. rooﬁng compound. Grease compotnds should - not be used if oil concentratrons are to-be, .
» measured. ‘ - . S
4. The weir must be exactly level to insure a uniform depth of ﬂow . : ) 6
5. The crest of- the weir must be kept clean. Fibers, stnngy materials and larger partrcles tend to -
cling to the crest and should be removed periodically. In water with high suspended solids
.+ concentrations, considerable sédimentation in the - channel of approach will take place.

Sedrment mﬂuences the measurements and makes representatrve sampling more drfﬁcult

A " . »
v

B, The dev1ce for measurlng the head should be placed upstream at a drstance of at least 2'5 times
| the hedd on the weir and should be_ located ‘in a quret section of the sewer . away from al + ‘.
. drsturbances co , o x : . l '

o

o .

" 7. The weir should be located at the end of a strarght stretch of the sewer wrth little or no slope

' The velocity of approach should be low and uniformly divided over the channel; howeVer the
weir will usually. lower the velocity sufficiently for measurement. For added accuraey,- and v -
when the sewer is flowing full, the weir should be-placed at.thdlend of the lrne in a weir strlllng» '
. box as shown m,Frgure 7.15. However, for fully flowing sewers, other me‘thods of flow
e ; measurement are recommended It should be noted ‘that. the veloc1ty distribution ajong a

' charinel can be made more uniform by placing baffles in the sewer upstream in the channel of
approach . T . o0 . :

N -

. 8. The. weir size should be selected after the prehmmary surveys have determmed the expgcted

flow ratesir the sewer. , _ . . 0 “

] 'l‘ . - . . L . = . - .-. ) o s L -
_The common formula for flow oyerawerr"rs o e - - g S ‘.
Cb ‘ BRAAE . ' I / . r‘

‘ \‘ q = 2/3 r—zg H3/2 - . -~ ° . N o S ‘ Lo
' ' ) ' )
wheré _ . . s ,
\\ . . , :g . . . - R . * . N . ’\ [ ’ . ’ /" »
L q = flow per unit of width, cfs o o o o T en
P e . 4 . . . M : ,' .
o g_r‘."=, . gravrty(32 ft/sec ) . o : S T, EERE T
\H. = - head above crest (upstream), feet - . ., .
'A coemcrent C is usually mcluded mpensate for the non-unifdrmity‘of ﬂow.-Thg’s;.the equation for - ...
" the flow per umt of width becog ‘, . o - ) [ T, N
l( ( o 3. By L . ' < o .
Loy Ll e - ' : I Voo
R EAE RN 2/3f2—g: H37 L g o
: C‘l, =, non- umformrty coefﬁcrent (<l) S > R

: Permanently 1nstall,e\d weirs ‘should be calrbrated—a&er—mstallatron -inasmuch as cbefﬁcrents in the werr
formulasrrmay vary due to many factors. However,. reasonable flow. estlmates for the various types of werrs
: arelavallable and when used properly, produce lntle error.. :

. .t ' P . R
(A . - . . . % e
B T . . : -~ &

pre T T e e e
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B C@liﬁdtod ,Stoff Gage

" Weir Plate .

Baffies may be inserted in .
“the box 10 quiet the flow.

L

| ~Typical weir-stilling box. Dimensions' con be varied fo sult'| ™ .
‘ "°"' conditions e0_long as qulet flow can be effected.

\ .

Figure 7-15. WEIR S'l_'ILLING BOX (4)
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TS5 RectangularWeis . 3

\

Rectangular weirs may be straight or notched. A straight weir is called a suppressed weir without end

contractions. A notehed: ‘weir 'may have one or two end contractions. If the crest height is greater than S H,
the ‘approach velocitymay be neglected. In a suppressed weir, the water flows over the. full wrdth of the -

~ weir and problems may develop when a vacuum forms under the nappe

. The most common type of rectangular weir is the notched weir with end contractions. If the end” -

contractions are standard that is, the width of each end contraction is at least 2.0 tinies the head above the
crest, the Francis formula is applrcable in computrng the flow a'l‘. follows: :

5 Q = sl N ) - N
where: . / S .
" . & o o
Q. =  flow,cfs N .
L = 'effective‘wid*th-of‘the weir, ft -
H = head ft - - ' ‘ ' ' oy

- " ' . lr
l

Frgure 7- l6 presents’\g nomograph of the Francis Fermula and can be used for a suppressed wem.or a weir
with standard end contractions.- The conventional calculations are not applicable when estrmatrng

drscharges with very low heads that cause the nappe to cling to the werr face ol ;,;
[

RN

A_A

7552 CipollettiWeir o o o .

1 . ~ ] \
The' Crpollettr weir is of trapezorda‘l form with end slopes of one horrzontal to four vertical, which co{re/cts
for the slide contractior of the nappe over the crest. Thus, no corréction is necessary for the crest \\!gth as
in the rectangular contracted weir. The general equation for the Cipolletti type of wejr is:

0 = 3serLEd? . o
r l ] * . 1 -
where: ° )
Q = “discharge,cfs . ' . N ~ .
L. = \length of the weir opening at the base, feet’ .
H = - measured head, feet
~ 7.5:5.3 Velocity Head Correction o T S o

When the velocity of approach for a suppressed, contracted, or-Cipolletti- weir is too high-to neglect, a

correction factor can be introduced into the flow equation. The correction factor extends the use of the

basic formula for weirs to include the velocity head as follows: :
v h = ' LZ . . ' : ¢
- - 2g v . i

1i6

) ) . ‘ - ' . ) ’
. 727 . .
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Figure 7-16. - NOMOGRAPH FOR CAPACITY OF RECTANGULAR WEIRS (3)
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where:

W= , vcluciiy head.tt” - . o .
LY o .

i » ) ’
V. "= approach velocity, ft/sec - ,

g o= guavity B2 ftsec?) o _ - .

AT Yoo .
.- Then'the term H / in the basic equations is converted & ' _ ‘ v
SEea DO »

"+.7.5.5.4 Triangular Weirs -
The triangular wgir of V-notch type is of valluem measuring low flows. It should be used for flows less than
I cfs (450 gpm) and is not recommended gk the flow is. greater than 2 cfs. The V-notch, weir may be - -
~  constructed of any angle, the most commonty used angle 0, for V-notch weirs being 90° . The second most
* . popular V-notch weir lias an angle of 60°: The end contraction of the weir should be at least 3/4 L, where L
s the wudth of the water surface at, max1mum elevation. (Flgure 7-17). .

The formula fqr the 90° nptch weir ;s: - BN I "

Q = 249 H2-S ‘where flow, Q,isin cfs
.o o |-

" The API manual (3) recommends against the use of V- notch weirs if H<0.3 ft, since the possibility of
forming a vacuum becomes too great Table 7-5 gives-the minimum- dlscharge without formmg a vacuum for
heads lower than 03 ft.  + .

Ay

- TABLE75

H
- é PRACTICAL MINIMUM DISCHARGE FOR 90: DEGREE V-NOTCH WEIRS {3)

Welr Head]ft[ - L . D;scha[ge !gpm[ . ~
. . _'0.02‘ S o :
2003 . 0.160 - o
004 S . y 0380 . =~
005 ' . 0.755 - ‘
0.075 _ 1964,
o0 - 400
y 015 . : 10.47 .
020 . 7 Ao 2095 :
| 025 o 3545
‘030 : I 55.50
1555 Broad-Crested Weir . O _ o - '
The ﬂow formula forabroad crested weir.js; . : '
. . -\ . n .
0 = 2/3L,f2—g—_ E3/2

o o L7129
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. “
N L3

. Q = .Flow,cfs ' e ST : .
. te ¢ \" 3 . ' - o * .
* L = length of weir crest -, o 5 /
ST ! : :
E = H + Y_ - 7
I 28 : . ' L o
h‘ . . . "

The term VZ/Zg can be neglected. for'low appjoach velocrtres This type weir is usually burlt of concrete
The advantage of the broadcrested weir is-that the surface elevation upstream is not |nf|uenced by the
» downstream water surface, thus it operates accurately wrth submerged row

756 Flumes . ) S

7.5.6.1 Parshall Flume ~ o S - AR

The Parshall qume is & convenient device for meastmng the ﬂow in existing sewers and consrsts of three -
. parts; a converging section, a throat section, and a drverglng section. The dimensions and capacities of

Parshall flumes are shown in Figure 7-18.:The level of ‘the floor in the converging section is higher than the

floor in the throat and diverging sectrons The head of tbe water surface ‘in the convergmg section is a

measurement of the flow through'the qume "

i
-

Thé elevation of the water surface should be measured back from the crest of the flume at a drsiance equal.

- to 2/3 of the length of the tonverging section. The crest. is located at the junction of thé’ throat and
. converging. section. The head should be ,measured in a strllmg well instead of in the flume itself as sudden

changes in flow are dampened in a strllrng well. The size of the Parshall flume should be(determmed during

‘the preliminary survey The general formula for computrng the free dlscharge from a Parshall flume is as
follows: . o

Q - '.'4Wl:ln\ - S ] - - R

where: - D I . \

. - . ' - : w,
= discharge, cfs

‘ W. = throatwidth, ft / - o

- H = ihead of water ahove the leve] floor'in ft in the-converging section .
4 . : »

"
-

n - 1.522w0.026 ,. ". - . S 4)._ . !.' k'y
L L] ' . s . '

The flume Inay be bylt of wood, fiberglass, céncrete, plastic or metal- arid can be installed- at convenient
locations,. such as/a manhole. The Parshall flume .is used for sewer lines where continuousflow
measurements are desirable. The main advantage of the Parshall flume over a- weir is the self cleaning
_"properties of the.flume. Accurate measurements can be made even if the flow- is  submerged as shown by the

water levels'in Frgure 7-19. .

The flow. can become submerged dw,e to- high water elevations' downstream. lf the flow is submerged, a
~ velocity reduction in the flow occurs‘“ The degree of submergence must be determified in orfer to measure

the flow accurately since the qume is calrbrated for free flow ¢onditions. The condition of submerged flow -

is eviderrced by a ripple or wave ‘formed just downstream from the end-of the throat: A reductior in-the -

velocrty of the water leavrng the flume may Jessen the effects of erosion ‘downstream. -In order to

Voo 11z |
. 731 . ;J.
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Flgure 118, DIMENSIONS AND CAPACITIE
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W Sioe of fume, in mcbesor feet.

A Length of side wall of converging section.
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B Axial lengthof converging section,
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D Width of upstream end of flume, -
E - Depthof fume.
F Lcnsth of theoat,
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+ FLUME, FOR VARIOUS THROAT WIDTHS, Wie)
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Figure 7-19. FLOW CURVES FOR PARSHALL FLUMES
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determine the dcgj’eggﬂsubmergenee a stilling well 'must'be built ‘n’the throat sectjon. The crest elevation
in the throat ‘section is H and the head in the converging see,tlop is H and the ratio H /Hb,_rsa
megsurement _of “the submergenu The stilling well used to measure Hy- should be located near the
downstredm end of the throat section. and the datum for H and Ny is the level floor of the converging
section. ) ’

w . N

-
‘

© 7562 Palmer-Boqus Flume - ’

/

i The Palmer-Bowlus flume may be nothing more than a level section of floor placed into a sewer, which is a’

major -advantage over the Parshalt ﬂume The leng,th of the floor*should be approximately the same as the

" diameter of tife conduit. Figure 7-20 shaws a few possible forms of the Palmer-Bowlus flume. The materials

used to build the flume may be cast non stainless steel, ﬁberglass of concrete. This type of flume is easrly _
installed in existing sewers as no drup in head is required. The critical depth will.be at the top of the level »

floor. The flow through a Palmer- B()wlus flume may be represented by the followmg equatron

© oy 2

At cri\tieul ﬂow: : o . . C 3 : By B
o 3 . ' 2 ’ ‘\1,. o
Q2 Al - Verooo T AL LA (
Mg b o2 . -
where , . .
4 L ) . 2 . ‘ . 4_{\ H . 3 ! v
A, = areaat the critical depth, ft* - - » ~
dc = critical depth, ft .
N. = critical velocity - . '
. .
b= width of flume. "

No field calibration is necessary for thi§ {ype of‘ ; surrng device and rts accuracy is comparable to that of
-a Parshall flume. A reas()nably accurate measure;

&

as 0.93 of the pipe dlameter ? . .
. & . K ‘ _— N . - )
7.5.7 Summary of Specific Weirs and Flumes \ S - .
" Table 7-6 compares the head Josses in weirs and flumes. =~ > - . ‘j\ .
: TABLE 7-6 , o ‘ .
o _ HEAD LOSSES IN WElRS AND FLUMES (ln Feet) i . \
. Flow - Parshall FI. Pa_lmer—Boqus : | Rectangular . Cipotelli Notch”
- _Q 1 ft Throat _ : Flurne . Weir - e ‘
05 . 008... 004 l ‘ 029 . | 028 052
1.0 0.14 ’ +0.08 - , © 0466 © 044 0.69
1.5 0.38 _ »0.17 - ‘ v 075 o 069 - 092

Figure 7-21 presents a rating schedule for certain flow-measuring devices for use under various situations.

i S kN
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7.6.1 Measuring Level Change in Tank

~ 7.6.2 Water Meters on Incoming Lines :

7.6 Miscellanequs Flow Measuring Methods . Co ' CL

?
. . »

For a batch operated system" it may' be convenient to determine the amount of waste flow by measuring

the change in level of the reservoir with timg. For large volumes, the wastewater flows can be diverted rntq~ -

a holding tank ‘ B .

L e?
-t

.

° '
\ . X ) . N .

A control on ¢he amount of wastewater generated may be obtamed if the water consumptxon of the p,l‘ant
under consideration is known. A material balance shou|d therefore be made of the incoming and ‘outgoing

" flow in order to obtain a check on the accu'racy of the mdrvrdual methods and to determine if.an important

discharge or incoming line has been omitted. A problem may exist in performing a water balance because of
water losses from steam lines, evaporation, and other losses. The water content of the product is usually
well known. The flow of the incoming water lines can be -obtained with a typical household variety of
positive displacement flow meters. On larger lines, if is convenient to measure the flow by using a verturi
tube; an orifice plate, or a current meter. Currént meters are ®asily installed in the lines to the different

: productron processes

7.6.3 Pumping Rates . , . ‘ o e ) A ,. S

" When the water in a sewer must be pumped into another sewer, or if the wastewater is pumped- out of a

reservoir, as in a batch operation, an estimate of the flow may be obtained by -recording the time of

‘pumping and the capacity of the pump at the discharge pressure usrng head versus capacity curves supplied

by the manufacturer. .

77 Secondary Flow Measurement Deyices

7.7.1 Pressure Differehce Meters . ‘
Pressure dlfference meters measure the difference in pressure head along the flow meter. The principle is
the .same as for other meters that measure pressure. The only problem to be expected when using these
meters with wastewaters is possible clogging of the openings-which connect the pipe to the manometer.

measuring device, thus elrmrnatmg the cloggmg problem

’
.

7.7.2 Measurement of Surface Elevation

. °

The cheapest but perhaps the least desirable method to measure water\elevation is the use of a hobk gauge as
shown in Figure 7-22.The gauge is manually brought to the water surface and the water level elevation read.

- It is prefetred touse gauges in a stilling well. The main drsadvantage of this method is that the flow cannot

be read on a continuous basis inasmuch as the system cannot be connected to a control system or other
sampling device. e
-

Another method for measunng water elevah\on is 2 bubbler tube constructed in a side wall cavity of a flume¥ -

-as shown in Figure 7-23. As the height of the water surface changes, the resistance to escapihg %ir through

the immersed /bbler tube changes Tl‘re pressure differential is sensed by a translator which acfivates an-ir
motor, which in turn, pushes a mlcroswrtch over a cam wheel. This action operates the ,recordrng chart and
pen. The bubbler tube can be installed at any depth and it is possible to make the apparatus portable using

A ., - x

- an air cylinder for the air supply.

- Manufacturers have designed systems which separate the water in the pipe from the drfferentral pressure



Figure 7-22. HOOK GAUGE (11) .-
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An air bubbler will meésure Water depth. m.plpes and clannels. The recordef'
H gauges for the bubbier must be selected for the depth of flow because of low
air back- pressure

. .
. ; F. ‘ ; - Meter. Box and
Air Supply ] . Y O Recorder .
- ' O . - /
Pressure gauges and reducing , :
valve - normally il meter . . o L
box as part of meter . . R
,/’ .
| | /8 or 1/4 il Plpe
. ,/ ;
: . /
v ‘/
{ - -0 .
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‘e
Thie method can be ueed in an; /
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Flgure 7-23. . AIR BUBBLER FOR MEASURING WATER DEPTH (4)
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Floats -may be-used to measure elevation as shown in Frgure 7-24. Frgure 7-25 shows the mstallatron of a
float in a manhole. . : : o "

]
-~ C. ‘

r

_The use of a pressure sensmg chamber at the water surface in order tomeasure flaw is shown in Frgure 7-26.
The wastewater should be relatively free from suspended material. :

7.8 Friction Fom)ulas ' '

Instead of using a flow. measurement device such as a we'i'r or flume, it is possible to calculate the flow in a

sewer by measuring the water depth and’ using a flow equation such as the Manning formula to determine

the mean-velocity. The flow may be obtained by the cogtinuity equatron The disadvantage in using this -
. method is that it is necessary to estimate the coefficient of roughness and the slope of the sewer. The
+" Manning formula can be used for open channel flow such as partly filled sewers as well as for

closed- t.ondurts under pressure flow. The Manning formula is written as follows: . T .
vV = ‘-“Fs‘; .(R2/3s‘/2) (English units)
where: -
vV = average velocity, fps »
n = . coefficient of roughness
R = hydr:aulic radius, ft - | hoe

—  cross-sectional area
wetted perrmeter

) s = slope ofenergy grade l|ne S o

" Figure 7-27 is an alignment chart for the solytion of the Manning formula for circular pipes flowing full.
This chart can be ysed for other shapes of closed conduits and open channels if the discharge scale is
ignored and the diameter scale is taken to represent values equal to four times the hydratilic radius of the
actual cross section. When the pipe is not flowing full, the ratios shown in Table 7-1 should be used.

The depth of the water in the sewer is measured by any convenient manner. Then the ratio d/D is

“calculated where D is the diameter of the sewer and d is the depth of water in the sewer. With this ratio,
‘Table 7-7 can be used to find the corresponding ratios of the volume and velocity for the partially filled.
sewer for use with Figure 7-27. Table 7-8 can be uséd to obtain an estimation of the coefficient of
roughness to be used in the Manning formula noting that the coefficient of roughness can increase with
time due to erosion, settled solids and corrosion. Obviously, the choice of a reasonable value for n is
important. Even though-+the use of this formula for flow measurements may not be very accurate, it 1s
useful for estimating ranges- of flow.
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TABLE 77

mmos 7O RELATE FLOWIN sswsnshowme AULL
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-~ depthof flow
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: Copduit_ Material

TABLE 78

VALUES OF EFFECTIVE ABSOLUTE

ROUGHNESS AND FRICTION FORMULA COEFFICIENTS(1)

Y e
N . »

L4

Closed conduits
- Asbestos-cement pipe

Brick
-~ Cast iron pipe- *
~ Uncoated (new) '
Asphalt dipped (new) o e
Cement-lined & seal coated = '
Concrete (monoljghic) -
Smooth forms
- Rough forms
Concrete pipe-,
Corrugated-metal pipe
(1/2-in. x 2 2/3 in..corrugations)
Plain . - ~ ' -
Paved invert . '
Spun asphalt lined
Plastic pipe (smooth)
Vitrified clay =
Pipes
* Liner plates .
~. Open channels ’
Lmed channels -
a. Asphalt
b. Brick
c. Concrete :
d. Rubble or riprap L
e. Vegetal
Excavated or dredged
Earth, straight and uniform
Earth, winding, faisly uniform
Rock
Unmaintained
Natural channels (minor streams, top w1dth at ﬂood stage<100 ft)
Fairly regular section
Irregular section with pools

-

Manmng '

00110015

0.0130.017

'0.011-0.015

0.012-0.014
-¥0.015-0.017

00110015

- 0.022-0.026

0.018-0.022
0.0110.015

© 001 10.015

0.0110.015

.0.0130.017.

<

0.013-0.017
'0012-0.018
0.011-0.020
0.020-0.035
0.030-0.40

0.020-0.030
0.025-0.040
0.030-0.045
9.050-0.14

0.03 0.07
0.04 0.10

3
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7.11 .‘Ltst of Some Manufacturers of Flow Measurirlg .Deyi_ces .
' 1. ‘At:co, Bristol Industrial lrrstrurnents;Waterburg, Connecticrlt 06720
. V : 2.\l - Badger Meter, Inc., lnstrurrrént Division, 4545 West Brown Deer Rr)ad',\lctilw;.aukae, Wisconsin 53223 y
3. BIF Industries, f_mv'iderrce, Rhode Island?
4. BIF Sanitrol, P. 0. Box 41, Largo, Florida 33540
5. Drexelbropk“‘Engineeri_ng Co., 205 Keith Valley Road, tlarsham, Pa. 19044
6.  Fischer & Porter Co., Wariminister, Pa. 10974 .
7. Flow Teclrnology, In¢’, 401 S. Hayden Road, Tempe, Arizona 05201 -
8. 'Foxboro Company, Neponset Avenue, Foxboro, Massachusetts 02035
9. Hinde Engmeermg Co.,P. 0. Bax 56, Saratoga Cahf 95070 .
10. beeds & Northrup Co Summerytown Pike, North Wales, P, l9454 .
4 1), Leopold & Steve‘ns,. Inc., P.O. Box 600, Be{averton, 0regor1-9'7005
12. .Meriam Instrument Co. "l 0920 Madtson Avenue, Clevelar\d Ohio 44]024
13. . N B Prodlllcts lnc 35 Beulah Road, New Britain, Pa, \1090] L .”-v
.l4. Pamapo lnstrument Co., Bloommgdale N.Y.07403 o | . . S 3
& 15 Robertshaw Controls Co. 1013 N. Broadway,Knoxville,Tevn‘n'.37917
16. . Snmplex Valve & Meter Co Lancaster Pa.

@ ..
17. Smger Amencan Meter Dmsron P.O. Box 13693 Atlanta Ga 30324

1
‘

18.: Tri Aid Sciénces, Inc., 161 Norrs Drive, Rochester N. Y l4610
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. o '~ DATAANALYSIS - - SRR

.8.I"General | . \

Data obtained through a well planned nd executed momtormg program, will provide valu‘able rnformatron
to those individuals responslble for the proper operation of plant processes and environmental control. The
data obtained from a monitoring systym can be employed in the evaluation and posgible, alteratron of
’ in-plant and wastewater treatment processes and may ‘influence the commitment of large capital
expenditures' Thus, the parameters mionitored and the significant results obtained from the monitoring
program must be critically evaluated\grior, to salterations of the processes involved. Because of ‘the

- srgmﬁcance which may be placed on the resdits of the monitoring program, it should be the desire of plant _‘ o

management to distinguish between the data results which are influenced by fluctuations which-aré not
~ representative SF the discharges from the processes involved. Placing significance on monitoring results
. whrch are’ not representative may result in unnecessary expendrtures or.in a false sénse o rity.
' -
The varlablllty of the parameters measured in the momtorrng system may result from vanous phenomena
: some of wh|ch are listed below :

Lk o

—

/} ol ln-plant‘s’p'ills or poor houselceeping )

0 . . . .
* . A .

N

Tempo'rary modification of in-plant processes

3. Chemical t’eactions resulting from various combinations of waste discharges
. » . : ~t ) o Vet .
4.  Improper maintenance and/or operatipn of monitoring equipment” *
) : .- - L f .
5. Errors in c‘alculatlons or analysls of measured parameters e '., St

o . 3
' ‘. - .
¢ y . :

Those deviatioris whnqh are not representatrve of the 1ndustr1al wasw treatment processes employed must be
thentlﬁed prior to tﬁ’é'&aluatlon of the monitoring results. They may indicate the ,neecL for improvement in
-the maintenance and operat|on of the industrial processes, waste treatment processes or the monrt’ormg
system rtself ' . : . . , L = . Pt
- The Varlablllty of the parameters may be random resulting from the random effects oR the process and
its measurement, or. cydhc ‘resulting from periodic . phenomena affectmg the process (dally records weekly
periods, etc) . o L R ‘ e "..‘_« .

The purpose of a wastewater survey 1s to obtain sufﬁclent data about e wastewater characteristics of a
plant so that a monitoring program oanl be estabhshed In obtammg datd, he values for various wastewaters
*"will be observed to vary or fluctuate with time, locatron sample analysﬁ»I personnel type of preservatron
" and perhaps a féw ‘more less evrdent factors. Trme is usually considefed the most srgnrﬁcant factor causing
fluctuation in data. Another important factor' ;s -location. Samples taKen at the same time but at different
*'locations, even in the same sewer, often: present different results, The prelumnary investigation should -
minimize these sources of errors. %e re’sults of the analysis of a “sample, by the.same or different
techmcrans and using the same labor®ory’ technlques often fluctuate wndely ‘Even very accurate laboratory

mnalysrs cannot prevent a relatlvely y,vrde ringé i in de{ermmed values of<p<ameters sugh as BOD
:'.- o : ‘\l k
Sta;rstlcs aid in the development of general laws resultmg from numerous mdrvndual Zietermlnatrons wh|ch
by themselves, may be’ meanmgless The resulting relationships are part of the fundamenta], function of -
StatlSthS which expresses the data obtained from an mvestrgatrve process in a condehsed and meanrngful

I
b
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formn, Thus, the average ‘o mean is often used as a single value to represept a group of data, The variablity

of “the group. of observations is “exprgssed by the value of" the standard -deviation and trends in

concentrations measured Lluriug the monitoring process are cxpr_cssed in the l'onn of regr'ession coefﬁcients.
: ; : 3

I general the concern is with tllc treatment of lhe u)llceted data. The accuracy or usefulness of these data

“is greatly enhanced if a full understanding was involved in generating the facts. The balance between use of

statistical méthods and evaluation based upon physu'al rmderstandmg is extremer important. The dse and'

value of statistics decreases as physual understanding increases. Specifically, the difficulty lies in separating
chance effects from valid occurrences. With the knowledge of basic probabtltty theory and the use of
statistical techniques, such as’ Least Squares Curve Fitting, Analysis of Varranee Regressive and Correlation
Armlysrs. Chi- Squared Goodness of Fit, and others, it is posstble to construct mathematical models and

curves of almost any level of precisioh desired. Such techntques help to evaluate information having wide

vanalrons,, so_thiat an estimate of the best value of the parameter being measured can be assigned; and also
to asse,ss ‘thex precision of that estimate. Statrsttcal procedures may also help in |dent1f'y|ng errors and
mlst.tkes and are helpful in comparing.sampling methods and Rrocedures and in evaluating waste loadings
from different proeess schemes. o o

N ’

Statistics and data analysis are very broad topics and the scope of this handbook goes not permtt thorough
discussion of any of the téchmiques available. Several good references can be Med for..use® in: which a

.. statistical appro.‘\“ is desired. References | -arid 5 provide basic definitions of statistical- terms; and offer

methods for determining accuracy and precision equl;ersnces 2 and 3 are useful in suggestmg Ways in WhICh
.data obtained with a wastewater survey may be pteﬁepted The use of probability paper.and ﬂow dtagrams

|s”d|scussed Detailed information sbout statisticsy-ificluding several tests for significance, can befound n
refereuces 4 and 6: It should be émphasized that rules and formulas for dﬂta analyses are many . and th;y f‘_;

must be chosen wisely and applted correctly to be of value. T

-

8. 2 Specrﬁc Appltcatrqn of Stattsttcs to Waste Momtonng Programs - ‘ <
_ AT T : :

Probably the majorr uS& of . statrstrcs in a waste. monttonng program is to develop the data needed: for

constructtng a relrzlble flow and materials balance diagram. Statistical correlation of- the data will allow a

. proper choice of average values and will provide a correct method for .determining the range of values fora

specific parameter o , : ,'{y : o .

Probability ;Slots can be developed which will deﬁne the 50 percent and 90 percent values to'use for desrgn
\-purposes Also, the standard deviatidn and variances can be calculated to define the range and variability of

the data. Thrs n’tformatlon is valuable, for example, in determining equalization requtrements prior, to

specific treatrt*gnt {arocesses or to evaluate the operational effectiveness between different’ shifts* of -

production. A wide Wifference.in staridard deviation or variance between shifts with the same productron
~schedule” would infer & different degree of operational care with regard 19, dtSChnrge requtrements
* Inefficiént operation and: frequent spillages can often be determined by comparing the appro;zrrate
statrstlcal parametqrs for vartous operattng periods or sh;fts e wo b

83 Developmg the Mean Standard Deviation and Variance for Random Data

{',.. . .
As a means of |llhratfng‘nthe appltcatrgn of statrsttcal evaluations to collected data a theoretrcal case wrll
be developed as follows: "

A sampltng program in whith BOD values were determtned every four hoyrs for seventeen days generated
" information » shown in Table 8-1. A chronological plot, Figure 8-1, mdl,dates that the BOD values are

‘randofn with nio dtsttnct‘pattem It also'shows a wide variation in results‘ from a low of 207 mg/l "to a high .

of 1185'mgf1 wrth a mtddle range of approximately 650<750 mg/1. J
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TABLE81 ‘ ‘

(4-hour composntes)

Date BOD(mg/l) Date BOD(mg/l): Date BOD(mg/l) . Dite  BOD(mg/I)

v

‘2/‘1‘0 ‘4am 717 ' 758 o © 940 . 1054 \
L Bam o %460 769 233 Sl 888
e ‘12 noon 623 574 © v 1158 e 366
: 4pm .40 . . 1135 ST 407 223 TR19 e
8pm 666 o N4 219 ‘853 1 ‘ 1)
L 12 pm: ;. 828 - 2/15 505 - 751 - ' e,
Sapi s Lo I B R 11 £

8

e e ) - o

El

S f S e
S 1079
S

* 654 \318 o 807
- 510 1 oi3s8 2/24 722
R ‘ 1067 2/207 3" 356 368
C N2, 534! 329 S 686
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T 265 %1 1081
v Ay . 621
S 413 B 235

91 993 221 454

_ 308 < 217 1019 . - 1080
213 0 N4 1023 - . 440
uos ne7 . . . 872

T () - 1056 S 1294
T _ .81 . 560 © % 763
L e 120 S 708 20220 . 1776
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“Had the plot appeared as shouwn in Frgurc 8-2,it would have indicated several events, stich-as in-plant spills,
changes in normal plant processes, differences in, handlmg of samples, and others. In; t.hrs case, physical

understanding of the methods of data generatron rs obvrously more rmportant than statrstrcal treatment of _

the data.

.

resulted 1f these data had been plottéd on arrthmetrcal paper as shown in Figure' 8-3. In a normal’ or
“gaussian” curve, the standard deviation, 0, is equal o Mvalue of plus or minus 34.13 percent @'om the

. Because the data in the hypothetical problem e r.andom a typrcal or normal probabrlrty curve would have

mean or average value. In other words, 68.26 percent | of all values fall within plus.‘or ‘minus one standard -

deviation from the mean. In practical terms this means that “normally” the value of any ‘monitored
parameter, such as flow, pH, solids, BOD, etc., would fall within set limits 68.26 percent of the time.

The mean, standard deviation, and variance are used to define the degree of scatter in data 'l'hese;
parameters can be determmed either numerrcally or graphically.

1.

where: _ . ,
. X; = individual sample values , :
'n = total number of samples ¢
therefore: ! . L o .:
_ - 68700mg/l - i
X .00 . ~
= 687 mg/1

: 99 o

1]

o

138
85-

4



TECHNCAN,
- ERRORSIN . " LEAK

U o] TEMPORARY  ANALYSS OR - ————
CHANGE INPROCESS  CALCULATION &

Figure 82 CHRONOLOGICAL VARIATION IN BOD

\



s 2.4

|

|

' .

|
S l ) [
4—58;'26%" '

b

Figuré 8-3.

~

NORMAL PROBABILITY CYRVE

g7 146




1) - .

. BOD (
L
()

1]

s ’
L
1400——

P

S
=
1

Ig'
]
l
|
i
I
|
I
I
|
|
I
|
|
{
|
|
|
|
|
|
|
I

;

|
B
o0
I

IﬁB? 5@0@
i '
|

1"¢4*I=*|'”I*°**r b l 1 o

| . '
. l . .
. |

84 13

~ '%%.,

. AR
) O
Y S
.
,

Ok IO 20 3040 60

A

+ Figure 84,

¥

BO 9095

)
PROBABILITY OF BOD BEING LESS THAN OR EQUAL TO GIVEN VALUE (%I

PROBABILITY PLOT OF GBAPI'IICAL METHOD‘ L

9 -

%9



‘ TAB
SOLUTION QF GRAPHICAL METHOD 1
. vl ? _4.' Percent hobabil}ty -
' : : S Calculationfpf ' ’ & Plot Position -
BOD{mg/1) ~ m . Plot Positio - (I + Previous Probability)
01 0 77 S : C0s%
221 2 1+.5% . ST ¥
233 3 1+15% S ' RSB
235 o 4 Lo 1+25% 0 o 35%
241 5 1+35% . N : N 45%
1265 . . .6 © 1+45% : ' T Ssg
266 g 1+55% ’ :  65%
ngs - 100 1+995% o 9esw
: . n= 100 L
TABLE 8-3 ,
- . g . L
SOLUTION OF GRAPHICAL METHO}D 2.
Percent Probability' A a
‘ : : ' o Plot Position
Interval : No. of BOD - - m , : (F?I_) v
BOD (mg/t) Samples in Interval ' . -
200249 s s 4.95%
250299 4 9 8.91%
300-349 6 15 . 1485%
350-399 7 : . 22 ' 21.78%
400-449 6 - 28 L 2712%
v i . : } . : { .
11501199 - 4 100 o 99.01% -
o . n= 100 . ’
\1 -
Y

Yo



4 on pruh.rblllly p.rpcr plot éach value as its pcrcent probability, shown m Frgure 84.. Draw a
st nght linet hmugh the d.n.r

5. Frum this pk nbtam the 50 percent value S . S
50 percent value= X = 690 rng/l- : .

‘6. Calculate the standard deviation, o, as'1/2 of the-difference in the values which occur at the
© 1587 (50 00 minus 34.13) and 84 13 (50 00 plus 34.13) percentile levels-from Figure 84.

g =

value at 84.13 percent’ »-.;yalue at 15.87 percent
2 ’ .
= 900 - 400 -
2 N
c'= 295 rrg/l

7. Calculate the varlance as the square of the standard deviation -

s'= o2

s BT

87,025 mg2/12

Method 2: For Creater than 30 Samples - o -

"1. Divide the data into groups of 1ntervals such as‘m\Table 8 3.

2. Calculate the’ percent probability of each 1nterval asin the abbreviated Table 8-3.

.

m = cumulative number of samples
. DR GEN . [4

Percent prohability E n%l

where:

n = total number of samples . S S .
3. On probablhty paper plot the mld -point’ of each 1nterval Jersus the percent probabllrty plot :

N

positions. Draw a straight line through the data points. See Figure 8-5. ", -
t e

‘ ~ o , ' .t
4.—From the plot obtain the 50 percent value. A ot
. ) | L. :l,-» ) . :‘:
50 percent value = X =687 mg/1 o7 X DT
- . ' ) . ' AN ’ J
o ) . A ,‘ .;n
- . ) N . 9 v- '1._“..,:.: B

T 144

311




o «

S. (.llull.llv. the standard deviation ' . A .
g = v.llue at-84.13 percent - value at 15.87 percent
v 2
-2 . :
= 305 mg/l
"
6. Calculate the variance,S! . ' ' -
s'= o2 . T | ‘
= @2

93,025 mg2/12 | ,_
‘By analysis of the data in this example, it was shown that the average or mean value was approxnmately 690
mg/! with a standard deviation of about 300 mg/1. In essence this indicates that it can be expected that the
- BOD value of subsequent samples, 'collected and analyzed under identical conditions, would have a value
between 390-and 990 mg/l, 68 pgrcent of the time. This information could be of value in the design of
waste treatment systems, and i also serve as a check against future analyses, since BOD values falling
‘outside this range should be suspect of possibly bemg caused by other than normal conditions. Other .
values, such as the 90 or 95 percent probability levels may also be chosen from Figures 84 or 8-5, Whlch_
could be of value in developing confidente limits of a monitoring program or in the design of treatment
facilities: Thre Variance value was found to be of little use in this example except in calculation of the
_standa[d deviation. The reader is directed to the references for specific uses of this funct10n o

+

833 Correlation of Spe’ciﬂ% Parameteis . ’ T .

. One other important statistical funcuon, not 1llustrated in the above example, is correlation between two
parameters, such as BODs and TOC. This can be determined by relating the paired:parameters to each other
in order to obtain a functlonal relationship in the form:’

» ) P v Y ‘= A_+BX .
Where: - i ' e C ' ,

A and B are coefﬁc1ents

. P L . :
- By the method of leaSt squares curve- ﬁttmg, the coefﬁc1ents ‘can be calculated. A standard computer
program can be Vdeveloped or -through the use of programs already available in computer libraries, these’
‘ coefficients, plus- the correlation coefficient, can be more readily evhluated. The measure of the “goodgess
of fit” of the resultmg curve plotted from the values of X, Y, A, §nd B is known as the “coefﬁment of
correlatxon . . .-

The values of A B, and r can be calculated by the following formulae: - -
. = IXPRY L EXIXY. = B S
SERTRRE P SRy €. SN L .
B = _BIXY -IXIY : ;
C o oaEX? - (zx)? 145
. v i .o
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nIXY - IXIY ~ .
JInIX2 - (IX)2] [n Y2 - YR} - ' o

The correlat|on coefﬁcrgnt- must be in the range 0< rl <! 1, with r=1, correspondrng to a perfect ﬁt and
r=0 |nd|cat|ng that rlo relatronshrp exists between X and Y. : :

B

To mterpret the meanrng of r, Table 84 can be used. 'Ilhrs gives the val wh_tch an be &xpected "at
levels of significance of one and five percent. The levels of srgmﬁcance,ur‘e > 'on »._pafpbnt and five percent

© represent a 99 and 95 percent level of probability of true ¢orrelation. If the absolute value of the calculated

o exceeds the value of r chosen from the table, it can be concluded that correlation does exist.

The values of v represent the “degrees of freedom,” which in statistical terms is equal to the total number
of data points minus one. For example, suppose that 101 values of TOC and BOB were correlated and the
_correlation coefficient was calculated to be 0.240. Ther it can be seen from Table 84 that at 101 data
pornts (v = 101-1 = 100) the value of r is 0.194 for a 95 percent confidence level. Because 0. 24(‘|s greater
than 0.194, there is greater than 95 percent chance that there is a true correlation o(' the paired parameters;
in this case BOD and TOC. If r had been greater that 0 254, the conﬁdence level would have been 99
percent or greater _ . . ‘_
Consequently, |f a 95 percent confidence level can be establrshed as explarned above the least squared
method may be then used to determine the actual correlation between BOD and TOC.
¥
_Generally, the correlation coefﬁcient is first determined to establish that a correlatior exists between two-
parameters. If a correlation is established, then the least squares method will develop the coefficients to -,
predict the respective parameters, e g., BOD, as a functionof TOC. If no correlation exists the development
of parameters by the Ieast squares method is meanrngless '

.
>

8.3.4 Specific Application - R e » t

Data collected through a waste effluent survey of a tomato processing operation are shown on Figure 8-6.
Statistical probability plots were prepared as shown in Figures 8-7a, 8-7b, and 8-7¢. Information from these
plots, alwng with' other data’ collected during the survey resulted in the development of a reliable flow and
material .balance dragram This is shown in Table 8-5. A schematrc of the process and sewer layout is shown
in Figure 3-1. : :
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_ Chas’;enQ .
AUTOMATIC MONITORING

N,
9.1 Introduction

]
¢

‘In a water qualNanagement program automatic monrtormg of several water characterrstrcs has proven
to be a dependable method of control. In wastewater treatment, numerous parameters are used .for
operational .control; however, the number of parameters that' can be automatrcally measured wrthout
difficulty are limited. ‘

e .3

~ Sensors for automatic monitoring of wastewaters are especially sensitive to the presence of interferences.
" Thus, great care should be exercised in the selection of automatic equipmentin order to ensure that it wrll
function satisfactorily in the wastewater to be monitored. _ . o . P

_Automatic monitoring has the following advantages:. ~,

Dis_advantages of automatic monitoring, are:

T

. The parameters of interest are recorded on’a continuous basis and a clear picture is obtained of

the variation” of the recorded parameters with time. It should be noted, however, that

.continuous flow measurement data must also.be available in order to calculate the total amount '

of pollutants ﬂowmg on a darly basrs o . : iy

* Theére is a shorter time lag between samplmg and analysrs than in manual sampling. In addmon
" problems resultmg from storage of samples are elrmmated ; -

'
RN

" Automatic monitoring systems can be combined with an alarm system that will give a"d‘\'rrance

warning when a high concentration of an undesirable parameter occurs. For example, 4n
automatic conductivity measurement instrument could be set to detect high values. When this
occurs a by-pass valve could bé opened and the waste stream directed to a storage basrn from
whrch it could be gradually added into the waste treatment systert.

. a0

The sensor of the system may not be capable of registering unusual crrcumstances that occur at

. the place of sampling.

The" in'rtial cost of automatic monitoring is high.

The wastewater characterrstrcs need to be known before rnstallmg automatic montitoring
equrpment . .

At present, only relatrvely simple continuous measurements .are dependable, such- as pH .
temperature conductivity, and dissolved oxygen. :

Automatic monrtormg can be of great value when it is combined with the operation of treatment facilities.
The- sensor could be a simple electrode, such as is used to monitor .pH, or it may be a much more
sophisticated piece of equipment. Normally, data is collected on a strip chart recorder; however, other
appurtenances, such as pumps or valves, may also be activated by the sensor. Problems to be antrcrpated ’

when using automatrc momtorrng equipment include: - . : : ‘
50 . s e )
. : . 4 ¥ s :
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1. Loss of calibration. Regular maintenance is necessar’)l to prevent errors.
1.-’-' ,; [
o2 The flow. system and sensor may “fail to operate correctly when suspended bacteria are
permitted to grow. Thergfore, regular cleaning of the system is necessary Self-cleamng sensors  +
aré-available and have a-definite@dvantage when used in situations requiring frequent cleaning.

3. .Mgchanical, damage may occur if the intake system or the sensor is not' protected by a screen.

- - N ;
4.  Miscellaneous problems can be expected to result from power fallure mtshandlmg, pump
- difficulties, vandalism, etc.

) . . . .

5.. _lnterferences -cause many ‘problems and should be known before mstallmg the momtonng
-..s stem : ° -
Table - 9l presents the expenence that The Environmental ‘Rrotectron Agency (EPA) had with the '
- measurement.- of water quality. parameters in -surface waters., There are two general methods ‘used iny
automatic momtonng to detect and measure parameters; they are jh situ measurements by electrochemlcal», W
transducers, and automated wet chemrstry - . . SR

- ' TABLEQY - . v

L

DATA LOST BY EPA IN 629 DAYS

o *

\

. . aarto . s
Data Lost ~  Data Losts - Data Lost o Data L,os't ‘Total
dueto - . due to . 'dueto. due to Data Lost
Sensor " . Recorder Pump - ‘Power '
Parameter -Percent_  Pereent =~ ' Percent -~ Percent Percent
/Disso,lved .
OXygen 5 7 ‘8 1 . 217
pH 21 7 8 - 1 37
Turbidity 0 7 8 1 16
Conductivity 0 7 8 1 16
Temperature 0 . - 7 8 16
‘Solar Radiatibn ' - . ' - ,
Intensity . 7 - 0 ' ) S | B

It is important to reahze that the costs of preparmg the“sample in a form surtable for analysis by the’
- automatic instrument can add significantly to the cost of the total automatic monitoring system. Figure 9-1
" is an example of .a samplmg system, which provrdes a clarrﬁed sample for analysis. It should also be noted
that the EPA expenence was with surface water, not wastes. o E
. 2 Control Systems - - \" o
Mzny types of control systems have been designed for use in wastewater treatment systems and for \
‘recycling practices. Examples of control systems- for neutrahzatron oxndatlon and reduction will be
: presented A control system may consist of a pH or ORP electrode connec,ted by a controller which then

_reports to a’ recorder. The controller regulates the addltron of chemicals.

_ In any monitoring system, vanous types of valves may- be used, depending on the consrstency of the
effluent quality and the type and dosage of° chemrbalsn to be added. Som¢ of the different types of flow
controllers of interest aré on-off, proportional, reset denvatrve and proportional- to-ﬂow controllers

50

O . . . . . . . . -
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o 9_3 Examples of Automauc Monitoring Systems

1. On-Off Controller - The on-off controller is the least expensive of these. devices. If the
concentration of the pollutant in-the wastewater exceeds a certain lrmmng value, the valve
~ opens and chemicals are’ added untl the concentration of the pollutant in the cffluent is
lowered to the acceptable predetermined value- This type of system is applicable to relatively
) large waste flows for which an overdosape of chemicals does not influence the effluent quality.

2. Proportlonal Controller - The proportiohal controller is more advanced and produces consistent

efﬂuept quality. The proportional controller, in its simplest application regulates the amounts

"« of-chemicals or diluent in proportion to adeviation from a ‘set- pomt as a means of controlling
the: concentratron ofa pollutant at an acceptable value.

3.  Reset Denvatrve - The reset denvatrve system regulates the speed with which a valve opens. to
add reagents. The valve speed depends on rate of deviation from a set-point of the pollutant -
being measured. This control system is not recommended for waters with high suspended sol1ds
content y

-4, Proportronal -to-Flow. Controller - Af the quality of the wastewater is constant but the flow
varies, it is recommended that the control valve be connected to a flow meter rather than to a
‘pH or ORP-electrode. With a flow meter, the chemrcal dosage to be added wrll be propartional
to the flow. - ’ : :

The, /qualrty of effluent can be monitored simply and economrcally for systems not sensitive. to an
occasional over or under dosage of; qhemrcals Srmrlarly,, for reuse monitoring, a simple and:economical
system ¢an be designed to add chemicals directly to the:feuse line, as is'the practice in the chlorination of
washwater in the food processing industry. Figure: 9 2 shows the-continuous measurement of turbidity to
control tpe addition of fresh water in a hydraulic cbnveyance system. When the measured value of turbidity
exceeds'the allowabl‘alue a valve is opened and the turhtd water is drluted with fresh water.,

o

""Some of th re common control systems that utilize automatlc momtonng are neutrallzatron wrth' pH
control, chrdgfiu L :

fh removal, aeration, and s ended soltds
9.3.1 Neutralization with _pH Control

The autdmatic control of pH for the neutralization of wastestreams is most troublesome and presents many

: problems 1ncl$d1ng R Lo _.: e _ ‘

; T
] -

1. The relatronshtps betwecn the a‘t’nount of réagent needed and the controlled yanable pH being |
non- -linear. . —

Iy

[N

The pH’ of the ‘wastewatér can vary rapidly over a range of several umts in-a short penod of
time: _ . : - oYy
3. The flow can change while the pH is changing, since the two variables are not related.

4. “The change of pH at neutrahty is so. sensitive to the addmon of a reagent that even shght
excesses can cause large deviations in pH from the initial setpomt

5. Measurement of the pnmary variable, pH can be affected by materials whrch coat the
measunng electrodes. :

* C ‘ 9_4.1uu
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6.: The buffer capacrty of the waste has a profound effect on the’ relatlon between reagent feed and
pH and may not remain constant : .
7T A relatrvely small amount of reagent mist be- thoroughly mtxed with a large volume of quurd
in a short period of time. I3 : :

.

9 3.2 Control System for Contmuous Chromrum Removal ;
When the darly volume of waste exceeds 30,000 to 46,000 gallons batch treatment for chrome removal is
w”‘usually not- feasible because of the large tankage required... Gontinuous lreatment requires a tank for
acidification and reductron a mixing tank for lime addition, and a settlrng tank The retention time in the
reduction tank is- -d,ependent on the pH employed but stibuld be at least four times'the theoretical time for
" complete reduction: Twenty mmutess}nll usually. be adeq\xate for ﬂocculatron and final settlmg should be
desrgned for an overflow rate less than,SDO gal/day/ft
s lgh '
In cases where the throme conterit of the rinse water varies marked y, equalization should be provided prror
to the reduction tank in order to minimize fluctuations it the chemical feed system. The fluctuation in
chrome content can be mrnrmrzed by provision of a dram station before the rinsé tanks.
Succes’sEul opeqation of a contmuous chrome redu_ctron process requrres adequate 1nstrumentatron and
automauc control .Redox and: pH controls are provided for the reduction tank and the addition oflrme is
modulated by a second, pH control system. A continuous treatment system is shown in Figure 94 ‘ .

~

9 3. 3 ‘Automatic Aeration Control > -

°, v«_l‘: .

Some of the more modern water; pollutron control plants are using automatrc aeratlon control to reduce

. operating costs. Waste strength, flow rate, and consequently, oxygen demand, maly vary greatly oyer any

, . period in a given plant. Constant; rate aeranon “may therefore be uneconomical and. mefﬁment ‘A sometimes

used, but net common, practrc ~his-been to provide additional aeration as waste strength and. oxygen

demand mcreases or reduce air. supply as xygen demand decreases. Such control is coarse and inefficient

since ‘aaration rate is changed step-wrse d does not pecessarily equal oxygen demand F'Urthermore
processes so controlled are subJect to upset om shock loadrng - , _ : .

N

. Automatrc control on the other hand isa edback control system when drssolved oxygen concentration is
“'held constant by’ varyrng the aeration rate to match the oxygen demand. ure 9-3 illustrates several
~ controkoptions. For example ‘in smaller operations, variable speed positive displacement blowers i may be’
used with the speed being controlled by a/ignal from the oxygen analyzer. In larger installations, constant -
speed centrifugal blowers or mechanic face aerators are more generally favored because of greater
efficiency, lower noise and better wear. n the\yse of either variable speed-or centrifugal blowers, attention
must be given to operation within a limited rangé of output from rated capacity. This prevents overheating
or excessive wear of the motors. Although not shown in Figure 9-3, an air flow recorder-controller may be
" used to operate a bypass valve off the nmain header, thus ensuring blower operation within operatrng limits.
. Another system (not shown in Figu‘re 9.5) which  has found some use, "incorporates an
automatjcally-operated control valve on the air intake line to a centrifugal blower. Also, as shown, influent
. flow rate inay be mea_sured and used along with dissolved oxygen in a cascade control system. .- $

’
0

9.3. 4 Suspended Sohds Momtonng

Suspended solrds may be monrtored by use of commercrally avarlable meters. For example, Biospherics
Incorporated: produces automatrc suspended solrds measurrngndevrcé? Two types are available. One operates

16’3 - - '
. ’ 9-6 ) L o .4s
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desrrable in order to effect -complete- neutralization. Figure 9-3 shows the elements of ple pHrcontrol :
system n . : - . * . S
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‘in concentratlons of suspended sol|ds rangmg from 1to 3 000, mg/l a the other m’the range from 200 :
20 OOOmg/ 1. The device can be attached to plpes or mstalled in open ta nks or channels

Yo
.

: \ S
The suspended sol|ds meéter operates with a photoele’ctnc ‘cell using a piston to wtthdraw asample from the
pipe or tank. A light source and, two photocells are bullt into the sensing head, which measures the optrcal

density of the l|qu|d during each sampling ¢ycle and the output of the meter can be connected to an alarm‘

system. A seal on thé end of the ptston keeps the glass tube clean. The cost of.)such a unit is approxrmately K '.

$l 500.

R4

9 4 Efﬂuent Momtonng by Brologlcal Methods‘ : s ' "'

3 l

Because the protection of aquatlc hfe in recelvmg watelg is a major goal of efﬂuent treatment exposurg~of
living organisms to ‘the effluent itself -has certain. advantages Results may be vrsually and dramaticalig*
" dpparent. Fish are usually the test organisms, but other forms of aquatic llfe are somettmes used.

s s . ..;

. o
. Fish aquana can bre used to demonstrate the effect or more |mportant the lack of effeet of the efﬂuent on
the ﬁsh selected as test orgamsms S

-
.

.-, 2

Contlnuous exposure of fish to an efﬂuent whether or not d|luted is a severe test’ ‘that can indicate their -

’

.

ability to wrthstand short-term high-waste concentrations, as well as average concentratiops. This ‘method of .

momtonng, however, does not ‘indicate whether or not the efﬂuent Jis harmful to other forms gf plant or
anilnal llfe that also warrant protectlon - - ' o

o . HUA : .

: » . ,
. olq

r, . .,

An advantage |s gamed by the stepwrse addition of chemlcals to gradually change the pH ln the “first -

3,‘«7

to the desired end- -point. If the wastestream is. sub;ect to slugs or spills, a- th|rd reagyn tank may be

reaction tank, the pH is:raised to about 4 or lowered to 10. In the second reaction tank the pH is ad]usted '
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Chapter 10
THE CONTINUING PROGRAM.-

‘ H o -

- 10.1 Introduction - . o % ’ d R
After a waste: momtonng program has been developed; the ngxt -phase is-to mcorporatﬁt\mto the-daily -~
\\ routine of the manufacturing facility with a minimum of disruption; however some, Q‘hanges are to be
expected after a period of on-line’testing. Initially, to ensure the success of the program] the attitude of the
management should be conveyed to the producti’bn staff wtpwdl be responsible for unplementatlon -
> " ,4 .

.
e

It is extremely important that the waste monitoring and waste treatment sxstems be, considered an integral
: portion of plant opgrations. One’simple technique for accomplishing this is tq sgnd reports on the overall
results to key production supervisors,‘along with the results of manufacturing operations in their specific
plant areQ.Also, deviations in normal operation from a waste loading standpoint should be noted in much
“the same way manufacturing deviations are emphasnzed Production ‘and operations personnel should be

* encduraged to judge the performance of their production areas py the variability in their waste load.

The pr&ram should be reviewed sitortly after initiation (allowing sufficient time for “start-up” problers to
be resolved) for effectiveness. Unexpected correlgtl ns between two parameters may’exist which will :U%W
reductions in analytical time and costs. The generatsrioothness of the program shauld be checked, and the -
support of management reaffirmed. Bottlenecks in analytical rocedures should be identified and resolved.
Proper operatlon and maintenance of antomatlc sampling and monitoring equipment, if used, should be.
“verified. Care should be taken 1o avoid the mistake of inftiating a program on paper and not thoroughly
checkmg for effectiveness in the plant itself. .
,.\ . v . . » o
The continuing effectivepess of a momtormg program and operation of treatment fac1ht|es will de;knd ’
the training of technicians, the continuing awareness of influences of productlon changes on the monitoring
program, the analysis of data and- a comprehensive mamtenance program for apparatus and treatment
facilities. . .
10.2 Training Technicians - - - ' L ¢ e
Water pollution control is an evolvin ﬁeld of science and requires specially trained personnel. Details about
.. a comprehensive training prograrh for technicians who ate responsible forsghe operation of monitoring
‘equipment and treatment facilities are presented in Chapter 12. Technicians should be kept gnformed about
the latest developments in the field. A discussion of problems with other industries having #; same type of
facility or using the same type of equipment can be helpful. When new information is received from the
manufacturer about the operation or maintenance of equipment, this information should be passed directly
to those who are responsible for the functions. Periodicals in the field of water pollutlon control can be
useful in obtaining up-to-date information concerning the newest developments.
L] . 2
10.3 Producuon Cha.nges ‘ 1 S . ~.
When the decision is made by plant management to increase productlon to change production schemes, or
to alter raw materials, it should ‘be reahzed\that these changes may'influence the sampling and monitoring
program as well as the operation of the treatment facilities. Oftentlmx the monitoring personnel may be
separate from prdduction staff and close coordination is essential to avdid rmsmterpro.tatlon of dataon the
part of the monitoring staff during production changes_. :

L]
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104 Analysisof Data 7, e
A well planned program of data acqursmon is lmportant The results of a monitoring program should be
treated as crmcally as is productlon data. Graphical plots may be used to present the trends of parameters

and possible correlations with production results. Tests for correlations between various water parameters

should-be-established-to-save-time-and-money- in-the-monitoring-programy;

v
-

10.5 Maintenance and Trouble-Shooting .~ - :

’
N

The manufacturer. who supplies the apparatus for'sampling and analytical work can provide instruction
manuals for the use and maintenance of the equrpment as well.as trouble-shooting diagrams to help locate
areas of malfunction. 2

vy . ]

- The .aperational control of all treatment facilities, bench-scale, pllot scale, or ‘prototype units, requires

continuous attention to detect potential problems and to'specify proper remedial action when needed. This
is true regardless of the degree of automation or instrumentation inherent within the plant design.Although
it is difficult to describe operational control procedur’es for all unit processes within the waste treatment
spectrum, some of the more common problems assocrated with the operatlon of waste treatment facilities
are described and remedles suggested in Reference |.

10,6 References . & , : S AN . " . §
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s Chapter 11 | o .
SPECIAL CONSIDERATIONS FOR MUNICIPAL SYSTEMS | ‘

11.1 lntroductlon T

P -

é. v

- -~—-Frequently a mumcrpahty must - ded,rde on whether a specific mdustnaldrschargeshouldbeallowed intothe
- municipal sewerage system’ and, if so, under what cond|t|ons In the past; local municipal ordinances have
made it relatively easy for industry -to: discharge into a municipal system, provided that-certain toxic and
deleterious materials are removed prior to discharge. However, many problems have developed either -
because the murncrpahty was not prepared for the type of waste that entered the sewer, or the industry was
*  not quite aware of what it was actually discharging to the treatment facility. A proper monitoring system
" both at the combined treatment facility.and at the industrial site itself can help detect and avo|d problems
before they occur, and can pmpomt the. source of the problem and help correct it to prevent future
" undirable effects. . o ) . . -

. .
- ) Ce - o [ A

. ® -4, . ’ '
11.2 Deleterious Effects on Joint Systems?'_from“'lndu'stria’l Discharges . P
. — Y -

Cognizance of non-compattble constituents‘ and awareness of the potential harm which these and, other

compounds could ‘cause tq recetvmg systems, will aid in establishing iadeqﬂate monitoring program to

protect the treatment facilities. ‘For various reasons number of constituents are not allowed into
: mumctpal systams. For -example -acids and corrosrve &ateria‘ls’ would damage’ the conveyance system.

Dangerous gases and explosive materials, such*as’ gasohne are limited because ‘of, potentia) hazards to

treatment plant personnel Other constituents, such as heavya mctals or toxic'organics, may actually inhibit

the biological organists at the facility.  + _ ‘ .

. ., .\. ; ; N ‘ .,,

When undgsirable constttuents are known to be present in an mdustnal wastestream, pretreatment of the

wastes must be effected to reduce these constituents to acceptable levels. Proper monitoring at the stte of a

pretreatment facllity is essential and, if thére |s a possibility- 6f accidental spills or discharges eseaping
- pretreatment, a- sophisticated monitoring and diversion system may be réquired at the Jomt

municjpal-industrial treatment—plant “Table 11-1 presents certain deleterious effects on common: unit

{reatment processe of a typical treatment facility. oTheﬁposmble effects of several objectionable industrial |

waste constrtuen‘usually restncted by sewer ordinances, are dtscussed below _ -

[y Y ‘
[

1. Flammable Oils - Examples of flammable oils are crude gasohne benzene naphtha, fuel oil, and

.-, & mineral oil. Thele subsfances are' not solub~l‘e and tend to colle¢t in pools, thus creating

. potential gxplosive conditions.- WRen methane gas ls.mtxed wrth flammable oils, a very powerful
explosion <

. n

2. . Toxic Gases - Roxic gases such as HZS CHy4 and HCN are often present or. may be formed in
industrial dischaxges. Wastewaters Wwith high quantmes of sulfates can cause problems in
anaerobtc decompdkition, due to the formation of HZS Also cyanide combmes with acid

. Wastes to form the extremely toxic gas, HCN. t S

3. ; Oils and Grease - A municipal plant generally does not have facilities for the removal of |

significant quantities of oils and grease. Pretreatment of wastewater may be desirable to reduce -
. *  the total concentration of oils and grease (hexane extractables). In general,'emulsified oils and

greases’ of vegetable and inimal origin are biodegradable and can be successfully treated by a

“properly designed municipal treatment facility. However, ptls and greases of mineral origin may

cause problems and these are the constttuentigenerdly requiring pretreatnfent ' ~
o

P .. N . . '
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4.  Settleable Solids - Settbaable solids cause obstructrons in the sewer system by settling and
accumulatmg At placegrwhere sewage accumulates, anaerobic decomposition may take’ placl:
producrng undesrrable products such as H,S and CH4

v

Hrgh settleable ‘solids concentrations may overload the capacrty of the treatment plant .

P

5. Acrds or Alkalies - Acids-or alkalres' ar€ both corrosive and may also interfere with* brologrcal

treatment. Even neutral sulfate salts- may cause corrosron since the sulfate can be brologrcally :
reduced to sulfide and then oxidized to sulfuric acid:

\

og -

Heavy Metals Heavy metals may be toxic to biological treatment systems or to aquatrc life in
the receiving water and may adversely affect downstream potable water supplres

7.  Cyanides - Cyanides are toxic to bacteria and may cause hazardous gases in the‘-sewer.

8. Organic Toxicants - Pesticides and other extremely toXic substances in wastewater are
ob]ectronable except in very small concntrations. Even’if the brologrcal treatment systems are
not altered by higher concentratrons to;(rcants may strll damage receryrng surface water qualrty o

. . TABLQE‘11'1 | £

¢

DELETERIOUS EFFECTS OF INDUSTRIAL WASTEWATER
ONA JOINT MUNICIPAL INDUSTRIAL COLLECTION SYSTEM AND .
' o . TREATMENT FACILITY

A. Se;y_er Sys_tem . ?

1. Corrosion caused by acids
N 4
2. Clogging due to fat and waxes
3. Hydra‘uY overload by discharge of cooling waters

4. Potential explosion danger with gasol}n‘es, etc.

B.  Grit Chambers
1. Overloading with high grit concentrations

( 2. lncreased‘organic content of grit ) . .

3. Intermittent flow reduces removal efficiency
: - ]
‘C. Screens and Comminutors ‘%l\,,«

- . B
1 .t

-3

1. Overload with excess’conc;-,entfﬁt‘io‘ns SR R
B ' ]

. o ! §
ive wear on comminutor cutling surfaces by hard materials,
. Y N .

16
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o " TABLE 11-1 (Continued} ’ -

- DELETERIOUS EFFECTS OF INDUSTRIAL WASTEWATER
ON A JOINT MUNICIPAL-INDUSTRIAL COLLECTION SYSTEM AND
.~ TREATMENT FACILITY

EERII :.......'_,..,....,...'§.,.. e eesm iemeeee i .................... P T ... ......,._... b v e e e e e e e v e el
D.  Cldrifiers I ‘ o : , . )
1. Fransient hydraulic loading reduces removal efficiency

2. Scum problems from excessive quantities of oils

7

3. Impaired effluent éu.alit'y zéused by finely divided suspended sélids
4. E)xcessivq,, sludge quantiti§§ with hlgh suspended solids concentrations
- E. Siudge Dig.éstgrs . . A | ’ .
1. Negative effects c.)'n"'s:ludge digestion caus;ad by inorganic solids N
2. Oj&erload (c':-aused by exée’ss.ive:' Solids | ;

3. lncreat;gd'v;cum layers by excessive organic soliiifs v

’
-

4. pH ;’iroblems' with an industrial wastewater with a high sugar content
+ 5. Toxicants

F.  Trickling Filters |

7

o L Clogging of filters and/or distribution arms-by finely divided solids
-~ 2. €logging and anaerobic conditions caused by an overload of organics

~» 3. Toxicants

G: . Activated Sludge

1. Deterioration in quality with transient loading

» . 2. Excessive carbohydrate concentrations can cause bulking or poor settling studge

3.  Toxicants ’
4. Foaming problems .
o

K
~ - I L S - )
> Cn \
' ( ! .
. o | i !
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11.3 Establishing and Implementing a Monitoring System ) : R
Establishment of a monitoring 'system for joint municipal-industrial treatment facilities should consider

both the point of industrial discharge-into the sewer and at the joint facility itself. The purpose of
monitoring at the industrial discharge is to ensure ‘cognizance of the discharge of certain inhibitory or toxit

. desrred tq gather sufficient composite information to properly assess a surcharge to the 1ndustry based on

g 11.3.1.1 Continuofis Monitoring ;

. many wastes. It must bay remer‘bered that the 1nstrumenta~
‘ chang‘gm other organicswill also be detected.

s

the drscharge of ¢onstituents specrﬁed in the contract.

'

The reasons for monitoring at the treatment facility itself include establishing a last point of measurement

‘of certain problent constityents so that they may be temporarily stored prior to entering those unit

processes with which’probléms can be expected. It is also desired to have a record of certain compounds

!
*which are entering the system so th?t when a problem occurs, the rec,ords may be examrned in order to

pinpoint the nature of the cause of the.unde®i dooccufrence e
’ . B ]

A

'Y . . Lot

' . .

It is essential to monitor these constituents which will result in immediate direct or indirect ill effects on

the subsequent combined treatment facilities. The decision,for continuous monitoring must also be based
on monitoring those parameters which can be reliably measured under ‘continuous conditions. Specific
examples of continyous monitoring applicatiops are discussed low. .

Since flow equalization may be desirable for dampening hydraulrc and organic fluctuations in wastestreams,

“some form of organic measurement may be required in order to store a temporary excessive slug of organic

materials. Hydraulic variatior’s can be controlled by a variable level equahzatron facility. Organic monitors,
such as for asganic carbon, are pI}L.ed ahead of the. treatment facility to bypass materials to a holding
basin when the concentration exceeds,g, pre-sgt amount. The storage basin contents may then be fed back
into the equalization basig -at a rate and time. that will not excessrvely overload, the treatment ‘components

Id‘)r yanic carbon however and-

‘
v
Y,

» VIR

Pretreatmen® of susp&{;ed solids by sedrmentatron erI hot gener 1 :
equipment. Generally, the escape of suspended’ solrds ta b combined- treétment facrlrty wrll not résult in
acutquor immiediate operating problems at the facility, increase sludge handling eosts. Therefore,
continuous moniforing is not required for sedimentatickd# fies unless toxic or inhibitory materials are
being taken out by,settling in the pretreatment process. if’ \ttlrs thee case, then it ‘would be best to monitor
the factor which would cause an upset in the sedrmentat;@ f:}'crlrty, such as hydraulic flow. A device to
measure. and regulate flow to a temporary bypass as a 'rneams of IeveIrng out hydraulic surges whrch are in

171

A
e

<
il

_constituents so that temporary storage might be made immediately at the combined facility. Also, itis -

o

or exceed permrs'sable
4

Neutralization fagiligie®s <;m be gitinuously monitored by pH instrumentationgfhe same techniqyes can be

used for equaliz ; lagd %8s of acidic and alkaline rhaterials. Since p gneasurement is rélatively easy .
_ and reliable, it als¥ ishes thi best method f?r monitoring the effectiver¥ of heavy metal pretreatment -

facilities. These fa ’ ' ally dependenf on proper pH control '_« therefore, pH measurement will

indicate upsets 3 hlarm devices. Oxidation- Reductro Aotential instruments may also be

desired for controliy ¥, - ‘.-

PR TRRH
Although devices afiREil ¢ ion“s ssuccess will vary dyastically . -
with the condition 0 ' n'ixously monitor emulsrfred oil in .
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_Discharges: hrqanp constituents ‘or parameters which will not cause an immediate upset or will not generate

: 113. 2 Mphitoring at the Mumcrpal Plant

rr o

srgmﬁcant jonal problems in the combined facility can be composited on a routine basis for analysis.

Generally, parameters simply establish if an industry is in compliance with the contractural permit
with the i@#and establish a basis for the monthly surcharge. Parameters which fall in this-category are
generallyB ,'flow;\.suspended solids, nitrogen, and phosphorus, etc.

2% -

.
The ma(f: reasons for monitoring at the municipal plant 1nclude a last chance to detect deleterious
material fore they can cause harm or upset to the subsequent treatment facilities. Additionally, it is
desiraBle t ‘maintain a record of certain constituents so that if problems develop at the treatment facility;
these. rgeords can be revrew&d ‘.ﬁ attempt to determme the input to the treatment plant whrph may have
calsgdt upset condrtron g

e ', /

'Cg}t ¥ monitoriri wi total carbon (total organic carbon) will indicate and forewamn of any shock
wld’ ay' overload, biological- aeration system at the combined facility. Similar to equalization
tedhnrques R{rth pm]ﬁegnent facilities, these extreme shocks can be diverted to a holding basin for

,

¢ high concentrations at the industrial source where the volume is much smaller. An
: installed to expedite the informing of plant operators of the shock condition. The
"measurement ol ljgi’r:ontinuous and can also be equipped with an alarm system if a potential problem is
antrcrpated ) ’sfgmﬁcant quantities of oil and grease are expected, it is possible. to detect these

' concentratrorp ksing an orgamc carbon monitor if no other significant organic materials are present to

resr}Lun wfalse alarm ' oy

fic @rbon monitor is used to indicate variations in oil and grease input to the system, it should be
in a position where the stream is mixed so that the oil and grease will not be separated from the
t wastestream and evade the -monitoring system. Specific ion electrodes, can, be utilized to
tinuously mbnitor certain constituents such as cyanide, heavy metals, etc., which may cause resulting

“ﬁproblems in the combined facility. It would be better, however,to install these ‘detection devices at the

?
4industrial point of discharge with an-alarm system both at the industry and the mumcr&treatnlent plant

to forewarn.of a problem before it reaches the combrned facility . s

ontrolled discharge back into the combiped facility. However, it is more favorable

N

There are 'several locations within the treatment plant _where monitoring devices can be employed to

" improve operation of a treatment facility if a slug of certain materials enters the plant. For example,
dissolved oxygen analyzers or probes may be utilized within the aeration basin of an activated sludge plant
"to indicate the: need for additional aeration. When a sludge -of degradable organic material enters the
-aeration basin, thereby, resulting in an increaséd oxygen use, the oxygen probes relate the decreased DO to
‘: control system which will increase the speed of either surface aerators, or compressors if diffused-air is
ed. The system can be set to operate at an aeration basin dissolved oxygen level of 0.5 - 1.0 mg/1, so-that
when the organic load has passed through the system, the deration capacity is once: again put back into
normal operation, reducing overall-operational horsepower costs.

If significant discharges of organic materials are expected from industrial streams, the nutrient content of
the municipal wastes may be inadequate for biological activity. Therefore, nitrogen and phosphorus

addition can‘be programmed on the basis of tetal carbon measurement of the influent wastestream to .

ensure adequate amounts of these nutrients.

- I
.

npyL .'



Excessive hydraulic surges generally occur from mass discharges of cooling water into the system. However,
* these are generally consistent with jndustry and should not #)e expected to vary at the combined facility
‘due to industrial discharge only. The deraulrc surges w0uld g@nerally only effect the hydraulrc processes in
the system such as gravity clarification @ws ! .
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: Chapter 12 _ "
T TRAINING OF TECHNICIANS -

12.1’ Intréduction - - ) '

,s,...ﬂPersonneLassrgned to. the waste-momtonng program..to. sample .and perform the analyses of the wastes

~ should become familiar with the design criteria of their treatment facility. To ensure that the plant survey
and the treatment facilities proceed with maximum efﬁcrency plant management should initiate a trammg
- program for the techn1c1ans ‘ . _ : v .

l2.2 SurveyTechnig:ians R T I .

~ t
' k . . -

Technicians who will. be mstrumental in developing the plant survey should be chosen on the basis of their -

. interest and technrcal understanding. Ciianging circumsfances and unpredicted situations will occur often
requiring the technician ‘to use his own judgment. In{ grder to enable the technrcuan to make reasonable
decisions, he must develop a- basic knowledge about th wastewater survey. and the tools available to meet
the objectives of the monrtonng system. The folLow ng omts should be consrdered in mmatmga training
program for survey technicians. : , :

-

r ¥ .
1. 'Principles of Flpw Measurement - The relaZonshrp that exists between the flow and herght of

’the water level, or a weir or pressure drfference ina ﬂow-metenng device in pipes, the locations

in a stream where measutements must be taken to obtam accurate ﬂow measurements should

_ be explamed in detail. S
2. Sample Collection and Handling - Detailed mstructlons should be glven on the sampling
. method, including both manual and automatjc samplers with. explanatron of the method of
~ storage from time of collection until actual analyses are performed. Particular emphasis should
be placed on cleanliness of sample Wistressmg the deterioration of sample quahty,
should bacteria be present. A preventife maintenance program regarding sample ‘contamination
should be initiated and adhered to throughout the entire monrtormg program,
3. Mamtenance of Monrtonng Apparatus - Satlsfactory performance of monrtonng equrpment
S requires routine cleaning and calibration, and a program should be initiated to familiarize the
p operating technicians with the p;oper procedures for operation and cleanmg of the apparatus.

.

+  12.3 Laboratory Technrcrans . : - .
e v »
A manual of standard procedures for each analysis should be ma%tained and laboratory personnel given
~specific instruction in new and existing types of analyses. Using actual wastewater samples for
demonstration purposes is the most effective illustration, Special emphasis should be on the BOD test
which requires thorough preparation and understanding of all the potential hazards and mrsmterpretatrons
inherent in this test. . .
12.4 Operating Technicians ) 9 _ Coe
R L . .
quirements of established regulations, which govern monitoring and treatment,

» To ensure that the,
equtpment are mef, a trammg pe'nod should be provrded for technrcrans and operators. The followmg'

1. y Introddction - The purpose of the course and the regulatrons governmg the quality of the
 wastewater should be covered. - -
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2. Process Theory - Basic principles of t and <.0ntrol of the treatment facilities,”
) guidetines for interpreting the results of the M@mitoring process and antrcrpated drfﬁcultres
st should be discussed._ v . I ‘ — e

3 Equrpment Familiarization and Operation - A training program for technrcrans should include

,_4,.____....operatron~of the_equipment and_dry. runs.on. maintenance._before. the equipment is placed into_,

operation.” Technicians should be taught the nomenclature of the different pieces of the

equipment, and a slide presentation on the apparatus is also helpful. It would be wseful if the *
~ appropriata personnel ¢ould assist or at least observe the installatjon of the maJor preces of
: equrpment with which they will be involved. .

® v

4. Testrng Pro..edures Itis rmportant that each technrcran be cognizant of the performance of the
monitoring program and, liow to detect malfunction. A conference should be held with all
laboratory personnel toie;(‘ﬁun the sampling schedule, method of monitoring and expected
results of the facilities.- The frequency of sampling, the volumes required, and the type of
samiple, whether grab or composne should be discussed. The.technicians should be taught the.
use of prepared Kits in cases where malfunctrons may be'expected. The laboratory should send
Sy a copy of all test results to the operator of thé monitoring facilities. Perrodrc meetmgsshould be -
held to discuss the status.of the monrtorrng program and rnterpretatron of the resulfs.

4

-

5... Maintenance - lnstructron concerning operatrng marntenance is helpful to-indicate the weak
" .points in the system, especially where erosion,” corrosion, or pluggrng are t6 be oxpected
. Manuals provrded by the manufacturers should be discussed and made available to pertrnent
. . - operating personnel. A manufacturer s représentative-can explarn the -use and operatron ofthe
: particular equrpment rnvolvcd " _ B .

x rz.‘s Safety ceoo T -
A comprehensive study should be performed to deterniine existing and, possrble future hazards Arsafety
‘manual should be compiled providing precautionary: measures. to be. taken. ‘Appropriate markings to
identify locations of oil or chemical spillage should ‘be made. Dangers associated with the chemicals
involved with process control should. be explained and the location of remedial facilities clearly marked.
Neutralizing agents to allevraLe the consequences of the chemicals should_be agily available and located
near the ‘dangerous chemicals. A ‘short course in irst aid should be frequ of all technicians. All
_personnel coming in contact with hazardous cheritals or working in. danperous ateas should be required to

wear protective’clothing where warranted. U
126 Additional Reading e MO
1. Operator ffaining Courses, Water Pollution Control Federation, 3900 Wisconsin Ave.,
~ Washington, D. C. : : ) ‘ o o
2. Educational Systems for Operators of Water IfoIIutionhControI.FaciIities.L Proceedings of
Conference, November, 1969, U. S. Department of the Interior, FWPCA. o e

3. Lund, H. F., Industrial Pollution Control Handbook, McGraw-Hill Book Company, 1971.
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‘One important- aspect -of the.menitoring-program, especrally in-the rnrtralﬁsurveys, is-the-protection of the——-~
people collecting the samples. All established plant safety regulations should be followed, of course, but rt,«
s also rmportant to consrder some problems specrﬁcally related to’ dealrng wrth waste’ floWs

i

S o , Chapter 13 ' R N\
¥ - SAFETY |

N

13:1 General Safety Considerations A

e

Sample-gaugrng points are sometrmes established in manholes or other potentrally- dangerous locations. In

the-absence of proof acquired by repeated testing of the air in such locations for explosive or dangerous
gases, a hazard should be .assumed to exist. The types and nature qf toxic materials which could be
produced ‘in the manufacturing process or as a result of the mixing of wastes from fferent areas should be
established. These hazards may exist in the form of porsonous gases, ‘such as hydrogen sulfide, chlorine,
carbon monoxide, or hydrogen cyanide, or in explosive gases such-as methane or gasoline vapor. In
addition, there is the pos?brlrty that the atmosphere might not’ contain enough oxygen to support life.
Physiologically inert and.hon-explosive gases, such as nitrogen and ¢arbon dioxide, may readily produce a
deadly atmosphere in a mantiole or other poorly ventilated structure by diluting the oxygen to a level that
'will not support life. Obviously, a conventional gas mask is of no, value in such asituation. Self-contained
breathing apparatus would be acceptable, but in general a hose mask which is suited for-unlimited time of
* use *against any poisonous gas or oxygendeﬁcrent atmosphere is the ‘best. type, of equipmesit. In some
instances, it wil ‘be possible to produce a sdfe atmosphere by provrdrng artificial ventilation by means of
portable blowers or air. comptessors. A'safety harness, rope, afid- explosion-proof light in additjon to
gas-protective equipment are essentral when enterrng unventrlated stmctures A two-man team is required

.-undersuch conditions. S o o s

t
t

The danger of co'ntact with"liquld wastes should be r%cognized and s,afery procedUres"establlshedr :

: Obvrouslyl in plannrng a monitoring system, every effort should be made to sample points whrch do not-

" require peisonnel to risk harming their health. In addition to_the. dangers involved in sampling, personnel
-should also, be aware of the “safety measures recommended fof treatment facilities and plant. sewage
‘pumping stations and call attention to, the management of any unsafe condrtrorls As. h gurde the followrng
check fist may be of ‘value in establrshrng a safety program. . . S :

1. Avord crowded undergrpund structures for pumpmg equrpment Use ofsuperstructure stations
is hrghly desrrable :

w -

ﬂ" Tl h -

2. Use stairs for access to puthp rooms in preference to vertical ladders.. Where space is cntrcal a

" - spiral stairway is used, but" even a ship’s ladder fs. preferable to a vertical ladder. When vergieal
ladders cannot be avorded and therr depth exceeds lO ft, they should be equrpped witharhoop

cage or offset landrngs LS
. ' A Lo wt :
3. Specrfy guards for all. exposed moving parts of’ pumps arkd equrpment

‘ . ' "«‘ . >

4. ,Use dead-front -and dead rear swrtchboards and prowda n}?p-conductrve rubber mats it "front
ofthem o, ? - ‘__:; “'" ' :“v N

5. Specify explosion-proof wiring, lighting switches, and other electrical equipment in all loca-

"tions where potentially. - xplosive ,atmospheres of flammable gas. or vapor ith arr may

accumulate. Specrf _moigturg- proof equipment where difficulties from damp§s may exist, .

bug whiere there 1 ssrbrlrty of flammable gas aceumulation. The basic standjird of practrce

is the National Electrical Code

8

-



12.

13.

14.

16.

e y -

. Specify that all electrical wiring be properly insulated and grounded No exposed wrnng should'

be permltted A voltage of not over 110 v for control crrcurts is desirable.

(3

Provrde ample natural or artrﬁcral lighting throughout the structure, especially in the wet and -
dry wells Good 1llum1natr\on is aided by specrfyrng light- colored parnts for walls and, cerlrngs

requmng reparr

Furmsh a water supply under sufficient pressure for hosing wet wells'and dry wells

. Provide- hoists and'rarls for removal of heavy equrpTent such as screenrngs cans, or pumps

Prohrbrt all cross connectrons between a- potable water supply and’ the sewage pumprngl o

equrpment. , ‘ B : Y RO /

~

, © : : Fal . P ' B i

'Assure adequate ventrlatron in wet wells or dry wells by nagfuralor mechanrcal means. In deepr_:
wet or dry well$, mechanical ventilation is best accomplished by provrdrng an air inlet near the”™
cellmg and an exhaust duct, connected to an exhaust fan, located just above the:maximum .
sewage.level in wet wells or near the floor of dry wells. The fan capacity should be sufficient to .
-effect a complete change of air in 2 to 5 min, dependrng on the manner of opejation. In some

1nstances ventilation in wet wells has been aCcomplrshed by drawrng air in and exhaustrng the

wet well atmosphere through the sewer inlet to the wét well. Combustrble gas 1nd1cators and l
- alarms are sometimes desrrable in large wet wells servrng industrial areas

Segregate wet wells completely from dry wells and afﬁprd entrance from the outsrde atmos-v ’
_ phere only '

Judiciously post warmng signs and use red paint for inherent hazards such as. steep starrs or

projecting objects (for example, valve wheels or ceiling space heaters) The provrsron of suffi-

 tient headroom is needed to avoid head i 1njur1es

Stand- by gasolrne ‘engities should be fueled by means of afuel pump, or a shutoff valve should
be provrded for,small elevated .gasoline storage tanks mounted on the engine to prevent the

- contrnuous drscharge of gasolrne through a defective carburetor. Large elevated gasolrne storage

tanks located 1nsrde structures should not be used.
W ooe @ « "

" Mount carbon droxrde ﬁre extrngurshers convemently near the sewage pump motors and
’ swrtchboard rooms S r . -

@
. Lo, & !

' The CHEMTREC telephone number (800-424rt9300) for help i in respondrng to chemrcal sprlls

should be posted" e s

N . ' . . R
“ &% : Lo ‘o

: ] S .
A check_lrst'of-_safety .‘lleatures for the sewage treatmen; plant follows:v

“ grade.

. L4
A 5 W, !

The comments regar(ﬁlg movgngmachrner‘y guardg,electrrcal equipment, lighting, ladders, cross . B

connections, suitable water ui)ply for_hosing, and mgns lrsted prevrously for plant sewage
pumprng facrlrtres apply to the‘treatment plant proper. . -

Fencing or guar%rarls shoul&ﬁ)e speuﬁed for open tanks hatchwa,ys and other locairons where"‘

needed . 0

‘Explosion- proof eleﬂ{ al equrpment shcmld"be specrf'ref for\enclosed screening or degnttmgfb
chambers, in sludgedrgestron ’lﬁ gallerres contarnrng drgeste% sludge piping or gas piping, and

in any qther hazardous location where gas.or drgestéd-sludge leakage is possrble Heating devices
with open flame should be located in separate rooms wrtlt& outside entrances, preferabry at

i
)
1

e



ERRTI -'Apotable water supply should be farnished for washrng arid drmkrng e : j-«. :

A T

; o é:.'. 5 Dressrng room t'acrlztres mcludrng showers and lockers an‘d a lunch ~room, are lughly desuable
at o for all e);cept the smallest plants A supply of potable hot water should be provrded in all
S e
S plants , o R R N T R

BINY

JEC U Y S/ ? S e

B Posrtrve ~mechamcal ventrlatron should be ample rn grrt 'and 5creemng chambers rn ‘
* sludge-pumiping réoms, especrally those located" below gradt in:chlorine storage rooms and in :

. digester or gas-piping structures ‘Separate ’ rorﬁe‘ with outsrde entrances “only are hrghly

PR desirable for chlorine - ‘storage’ rooms and chlorirator rooms? Mechamcal exhaust d\mts for ...~
‘ E chlorrne storage and chlorrnatron rooms should extend from near. the bottom of the ﬂoor ‘, o 13

-

;°7'." Valves. or. operatlng devrces for sludge prpes should be: readrly accessrble to avold pnsrcal B
- injuries and to enéourage their proper use'so that sludge sprllage may be avortﬁzd B

8. Crowdrng of equrpment should be avorded around screens, sludge pumps and vacuum ﬁlters

2
.

‘ roeg Segregatron of . sludge-drgestron tanks from the rest of the plant and provrsron of hgurd Jevel £,
RS mdrcators or alarms are desrrable IR T o S

' The followrng sal‘ety equrpment for the plant should be rncluded rn the specrﬁcatrons o

.8

' Safety harness,, s .-: - T
" b, Fistaid Kt o T e
oo B ‘ L . oo ' '."_“: 1: “ -
‘ "",v el Frre extrngurshers (carbon droxrde and soda’ aslx-acrd types of exungurshers wrll meet most v
e requrrements) A L e L, ',‘\7‘?&,;1{
i 4 A portable combustrble gas rndrcator where sludge gas is collected o C ” :
- % <. . . . A' . vl n L -
e An oxygen deﬁcrency mdrcator‘ e 5 L R .
s Lo &,. . . . X ; ' T r ¢
o £ Hydrogen sulﬁde and carbon monoxrde field kit 1nd1cators R N
g Aportable arrblower ' ' L _ o C
»h. A hose mask or compressed -air, dema.nd type mask) e ' Tea
- ’ S : '.o' v
T Two, or rhore camster gas masks or. compressed airr masks for chlorrne lcaks . '
o J Mrnerssafety <ap lrghts EEREEIE TR "Z' T
l32 Addrtronal Readrﬁg e N R T , o .
‘g 1 'Acczdent Prqvennon Manual for lndusmal Operdtrons Natronal Safety
' Councrl Chrcago lll " - L o
g

e

‘ 2, Natronal Electrrcal Code Natronal Fure Protectron Assocratron, Bos.toq.Mass VolV 1956'

3. Sa'fety in Waste Water Works Manual ofPractrce No 1 WI’CF Washrngton,D C 1959 ~‘

-
]
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| . Chapter 14
. ~GLOSSARY
. - \ ‘e :
- l

) AClDlTY The quantltatlve capacity of aqueous solutlons to react w1th hydroxyl ions. It is measured by

‘ titration with a standard solution of a base to a speclﬁed end | |point, ‘Usually expressed as milligrams per
liter of calclwn carbonate. - 5

ca 5‘

q,

' -_AERATED POND:- A natuggl or artificial wastewaterﬁtreatment pond in which mechanical or dlffused air

- aeration is used to supplement the oxygen supply . - e
J{C,, :

ALKALINITY The capacnty of water to neutrallze acids, a propcrty 1mparted by the watef®s content of
carbonates, bicarbonates, hydgoxides, and occasnoxu]ly borates, snhcates and phosphates It is expressed

in mllhgrams per liter ofequnvalent calcium carbonate.
i

' ANAEROBIC WASTE TREATMENT Waste stabilization brought ‘about through the action’ of

microorganisms in the absence of air or elemental oxygen. Usually refers to waste treatment by m*ethane
fermentation. 3
o .‘ . m. - o . .
ANIONIC SURFACTANT - An ionic type of surface-active substance thaﬁtas been widely used in cleaning
products. The hydrophilic group of these surfactants,carnes a negative chargeﬂ] washing solution.
13
ASSlMILA'l‘WE CAPACITY - The capacity of a natural body of water to receive: (a) wastewaters without
deleterious effects; (p)@xlc materials, without damage to aquatic life of humans who consume the

water; (c) BOD, within prescribed dissolved oxygen limits. e

BACTERIAL EXAMINATION - The examination of water and wastewater to determine the presence,
number, and identification of bacterig. Also called bacterial analysis. '

BAFFLES - Deflector vanes, guides, grids, gratings, or similar devices constructed or placed, in flowing
« water, wastewater, or slurry systems to check or effect a more uniform d1stnbut10n .of velocites; absorb
energy ; divert, guide, or agitate the liquids; and check edd|es : °

,ABIOASSAY (l) An assay method using a change in. biological activity as a qualitative or quantitative

means of analyzing a material’s response to industrial wastes and other wastewaters by using viable -
or'gamsms or live fish-as test organisms. , - L 4

BlOCHEMICAL OXYGEN DEMAND (BOD) (1) The quantnty of oxygen used in the blochemncal
oxidation of ol’gamc matter in a specified time, at a. specified temperature, and under specified
conditions. (2) A'standard test used if assessmg wastewater strength.

BlOLOGlCAL WASTEWATER TREAIMENT - Forms of wastewater treatmént in-which bacterial or
biochemical action is intensified to stabilize, oxidize, and nitrify the unstable organic matter present.
Intermittent sand filters, contact beds, trickling filters, and activated sludge processes are examples.

BROAD-CRESTED WEIR -- A weir ‘having "a substantial width of crest in- th¢ direction parallel to the
. - direction of flow of water over it. This type of weir supports the nappe for qr apprecnable length and_,
pfoduces no bottom contraction of the nappe. Also called widecrested weir. B :

N ) !
]

) BUFFER ‘Any of certam combmatlons of chemncals used 'to stablhze the pH values or alkalmmes of

-solutions. .

s . , s
N Nig) _ S
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‘ CALlBRATlON The determmatnon checkmg, or rectifying of‘Lhe graduatnon af any instrument giving

quantrtatrve measureménts . :

CATIONIC SURFACTANT A surfactant in which the hydrophilic group is positively charged; usually a

' quaternary ammonium salt such as cetyl trimethyl ammonium bromide (CeTAB), CcH33N + (CH3)3

- BrCationic surfactants as a class are poor cleaners, but exhibit remarkable disinfectant properties.

CHEMICAL COAGULATION - The destabrhzatron and initial aggregation of colloidal and finely divided
suspended matter by the addition of a floc- forming chetnrcal » - )

CHEMICAL OXYGEN DEMAND (COD) A measure of the oxygen -consumrng capacity of inorganic arid
organic matter present in water or wastewater. Itis expressed as’ the ¢ amount of oxygen consumed from a
chemical o&rdant in a speuﬁc test. It does not differentiate between stable and unstable organre matter ’
and thus does not neeessarrly correlate with brochemrcal oxygen demand

- CHEMICAL PRECIPITATION - (1) Precrprtatron induced by addrtron of chemicals. (2) The process of

wsoftening water by the addition of lime or lime and soda ash as the precrprtants o
-y . - . .

CHLORINATION - The dpphcatron of _chlorine to water or wasfewater generally for the purpose of‘

drsmfeetron but frequently for aeeomphshrng other biological or ch\emrcal results st —

-
[

'ClPOLLETTl WEIR - A contmeted weir of trdpezordal shape, in whrch the sides ofthe notch are given a »
slope- of one horizontal to four vertical to. compensate as much as possrbl.e for the effect of end o
: contractrons : : oo :

-
1

CLARlFlCATlON Any p’i‘oeess or eombrndtron of proeesses the prrmary purpose of &hrch is-to reduce the
concentration of suspended matter in a liquid. * O L

COAGULATION - In water and swastewater treament, the destahrhzatron and initial aggregatron of -

~ colleidal ‘apd finely divided suspended matter by the addition of’a ﬂoc formrng chemical or. by brologrcal
processes . o . o . Y

LN

"

v

COLLOIDAL MATTER - Finely divided solids Whrch ‘will not settle but may be removed by Goagulatron or
brochemreal action or membrane ﬁltmtron

. - hed . )

COMMlNUTlON The process of euttlng and screening solids contained in wastewater flow before it enter’s . ;

the flow pumps or other units in the treatment plant. "

COMPOSITE WASTEWATER SAMPLE - A combination of individual samples of water or wastewater
taken at selected interv jals, generally hourly for some specified period, to minimize the effect of the -
variability of the individual sample Individual samples may have equal volume or may be roughly
proportionéd to the flow at time of samphng

)
CONDUCTANCE’ A measure of the co’nductrng power of a solutnon equal to the recrproeal of, the
resistance. The resistance is expressed in ohms. _ L1

: Y .
: CONTRACTED WEIR - A reetangular notched weir with a crest width.narrower than the channel acra _
. which it is installed and with vertical sides, extending above the upstream water level, whrch produ a
- contraction in the stream of water as it Ieaves the notch. ’ "
. o# i ' 4

| . o : Ty < .
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CONTRACTIO& (1) The extent to which the cross-sectional area_of u jet, nappe, or stream is décrehsed
after passing an-orifice, Weir, or notch. (2) The reduction in cross-sectional area of a condurt along its
N longrtudrnal axrs ‘ R

»

' CONTROL SECTlON The cross section in a waterway whu.h is tHe bottlené\k for a given flow and whrch

W

determines the energy head required to produce the flow.

CRl;ZST' - The top of a dam, dike, spillwa);, or weir, to which water must rise before passing over the

structure. * 4 . r A . .
. § X o : v

CRITICAL DEPTH - The depth of water ﬂowmg in an open channel or partlally filled condurt
correspondmg to one of the recogmzed crrtrcal velocrtres : - . '

_CURREN‘T METER - A device for determining‘ the’velocity ofmoving water.

DATA Rfecords of observations'and. measurements of physlcal faéts, occurrences, and condrtrons reduced
to written, graphrcal or tabular form _ ) -

N : .

DIALYSIS - The separatron of a collord from a ,substance in true solutron by -allowing the solutron to

It drffuse through.a semj pérmeable membrane . o S .-

.

DlEFERENTlAL GAU - A pressure gauge used to measure the dlfference in pressure between two
points in a pipe or receptacle containing a llqurd T . : ,
,DlSSOLVED SOLIDS - Theoretrcally, the anhydrous resrdues of the dissolved constrtuents in water. .
Actually, the term is defined by the method used in determmat;on In water and wastewater treatment
the Standard Methods tests are used ‘ -
v » e .
. l*l.c CTRlCAL CON‘DUCTlVlTY The recrprocal of the resistance in ohms asured between opposite
faces of a, centrmeter cube of an aqueous solution’ at - a specified tem rature Bt is expressed as
fnucroohms per céntrmeter at temperature degreesCelsrus 4_ . : “

. v

END CONTRACTlON (1) Thc éxtent of the reduction in the wrdth of the nappe due toa ‘constriction:
s caved by the ends of the weir notch. (2) The Walls of a werrnotch..whwkdoes not extend across the
~ entire width oi te channel of approach

-

-ENERGY" HEAE The neight of the hydraulrc grade lrne above: the center llne of a condurt plus the-'
vélocrty head of the mean velocrty of the water in that section. ‘

.o

‘FATS (WASTES) Tng‘lycende esters of fatty acrds Erroneous[y used as synonom0us wrth grease

FLOAT GAUGE - A device for measunng-the elevatron of the surface of a quurd the actuating element of
which is a buoyant float that rests on the surface of the quurd and rlses or falls with it. The elevatron of
the surface is measured by a chain or tape attached to the float. :

e
.
¢

" FLOCCULATION. - In water M wastewater treatment, the agglomeratron of colloidal and ﬁnely divided

suspended. matter after coagulatron by gentle stirring by either 'mechanical or hydraulic means In
" biological wastewater treatment where coagulation is not used agglomeratron may be accomplrshed"
brologrcally, _

. . ‘ N
PR ' 8&
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FLOTATION - The rising of suspended matter to the surface of the liquid in a tank as scum by aeration,
the evolution of gas, chemicals, electrolysrs heat or bacterral decomposition and the subsequent
removal of the scum by sl\rmr}ung

ich the flow, through the

FLOW-NOZZLE METER - A gvaler meter of the differential-medium- type in
vl head, which the secondary

phimary element’ or nozzle: produces a pressure difference or differe
element, or ﬂoa.t tybe, then&es as an indication of the rate of flow.
oA R '
FREQUENCY DlSTRlBUTl a‘n arrangement or drstrrbutron of quantltres pertarnrng to a srngle
element in order of tlrerr maghde.

K:

GAUGlNG STATION - A location &n a stream or conduit where measurements of discharge are customarily
‘made. The logcation rncludes a stretch of channel' through which' the flow is uniform and a control
downstream’ from thrs stretch. The station asually has a recording ot (other gauge’ for measuring the
elevation of the water surlace in the channel or condurt

»
H

GRAB SAMPLE - A srnglc sample o&&vastewa;er taKen at neither set time-nor ﬂow

. ) . \

GREASE ° In wastewatgr, a group of substances 1ncludrng fats, waxes, free fatty acids, calcium and |
fagnesiym soaps, ‘mineral oils, and certain other nonfatty materials. The type of solvent and. method
used for extractron should be stated for quantification. g .

GREASE SKl'MMER‘ A dévrce for removing ﬂoa(#l\g grease or scum«from the surface of wastewater in a

¢ . tank. -« ’ . N

GRITCHAMBER -- A detention &imber or an enlargement of a se&ér designed to reduce the velocity of

flow of the liquid to ¥&rmit the 'separation of mineral from organic solids by differential sedimentation..

S * ' . . : ‘ ’ ‘

. 'HARDNESS - A characteristic¢» of water, imparted by salts of calcium, m'agnesium -and iron' such as
’ icarbonates, carbonates, sulfates, chlorides, and nitrates, that cause curdling of soap, deposition of scale
« borlders‘ damage in some industrial processes and “sometimes objectionable taste. It may be

determined by a standard laboratory™ procedure *or computed from -the amounts of calcium and -
* .magnesium as_well as iron. aluminum, manganese, barrum strontrum and zinc, and is expressed as
equivalent caluum carbonate

_ e

‘, .

llOOl\ GAUGE - A pointed, U shapcd hook attached to a gr,zrduated staff or vernier scale used in the
accurate measurement of the elevation of a water surface. The hook is submerged, and then raised,
usually by means of a screw, until the point just m s a prmple on the water’ surface. '

lNDUSTRlAL WASTES - The quurd wastes from industrial processes as- drstmct from domestic or sanitary
wastes. | v . N

. . .
! INORGANIC MATTER (‘hemrcal substances of.mineral orrgrn or more correctly not ofbasrcally carbon‘
structure . L . ) L. ’
o N 3 .

LAGOON - (1) A shallow body of water, as a pond or lake, which usually has a shallow, restricted inlet’
from the sea. (2) A pond contarnrng 1aw or partrally treated Wastewater 1n which aerobic or anaerebic
stabilization occurs. : i

l .

LIME Any of a family of chemicals consrstrng essentrally of calcrum hydroxrde made from lrmestone _
(calcite) which is composed almaost wholly of caleium carbonate ora mrxture of cal¢ium and magnesium”
carbonates. , _ . . :

. |
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MANOMETER - An instrument for measuring pressure. It usually consists of a U-shaped tube containing a
. liquid, the surface of which in one end of the tube moves proportionally with changes in pressure on the

liquid in the other end. Also, a tube type of differential pressure gauge. !

MEAN VELOCITY - The average velb‘crty of a ‘stream flowing in a channel or conduyit at a given cross
section or in a given reach. Itgadeqnal- to the dr§charge divided by the cross- -sectional area of the reach.
Also called average velocity. i % - i :

" METHYL-ORANGE ALKALINITY*A

is measured by the quantityof' sulfy

. ' . ' “ . .
[asure of the total alkalinity ofan aqueous suspension or solution. It.
jBid required to brrng the water pH to a value 0f4 3,as indicated _
reSsed in m\&grams CaCO3 per"lrter '

“é 3

'y Resu,lts are‘compqted from the
sulting from multiple-portion

_.'N@NIONIC SURFACTANT‘ A.g,eneral famrly of surfactants so called because in ‘solution the entire
‘Mnoljecule remains assocrated N&romo molecules ‘orient> themselvesvat surfaces not by an electrical
chasge but%réugh sepnrate,grease solubrhzqng é'nd,;vater soluble groups within the molecule.

L
.\.“?

[}}.E MA{{TER The suspended matter whroh does no( s*ﬂle npr float to the surface of
}%0 . . . ) - L L.

| S T,

dofO?l’h'o
"’ \\"‘1\‘ ‘_,

ur.
. ﬂsl SETTiEABfE. .‘S'ﬁ'LlDS Wastewht atter thht wlll stay in s ﬁ'smn for an extended periog of
- e. 3ueh pervod rnay be arbrtrarrly ta for testrng purpOSes as one% el ‘
. (L

4

&

v-Qr

&¥
sage of

. « « ,,,,.

'NOZZLE (l) K : ruséd as an outlet'“ fr°a: hdsepdr prpe The velocrty -of the merging

stream of Wate'lr" rn@?eas)ec?i y the réductieﬁ‘m cross-gi »E&nal area of the nozzle e (27A short prece of
pr;ae' Wrth a ﬂange on one en and a saddlé{ﬂzmgé on the b efd... ‘

ODOR THRESHOtD The pornt af- whrdgﬁilfter succ@;’%’e drlrgt‘% dorless w 16, the odor of a
water sample . can Just be detected. The R reshold- oder is’ expressed nutatrvel y'tl?e number of -
“times the sample is drluted with %eresl .;{?'. ‘ ‘; ‘ . A

- .OPEN-C'HANNEL FLOW Flow of a l"l,Qird wrth surfaée‘* xposcd to the atmosphrere The condurt may be

an open-channél or a closed conduit ﬂowrng partly full %
- 3 1 g4 ﬁ"




. . . , : “a Yo . .

ORGANIC MATTER . Chemical substances of animal or. veggMible origin, or more correctly, of basically
carbon structure, comprising compounds consisting of hydrocarbons and their derivatives.

ORGANIC NiTROGEN /Nj gen combined in organic molecules such as protein, amines, and amino acids.

S / ‘ .

ORIFICE - (1) An openmg with closed perimeter, ususally of regular form, in aplate wall, or partition,
t}R0ugh which water mayflow, generally used for the purpose of measurement or control of such water.
The édge may be sharp or of another conﬁgumtlon (2) The end of a small tube such as a PllOl
lubﬁ. *

OR,lFlCE, PLATE" A plate eontmnmg an orifice. In pipes, the plate is usually lnserted between a pair of ;.
ﬂanges dnd the onﬁce is smaller in area than the cross section of the pipe. 3 : ) L

ORTHOPHOSPH.ATE - An acid or sall contuining phosphorous as PO4. \

OXIDATI@N The adamon of oxygen to a compound. More gene\llly anyieaeuon which mvolves the 1055

14
Ofclu,lr(ms fgom an atom. . . o ‘&

OXIW[ON BOND A basin used for retention of wastewater before final dmgosa] in whxch blo]oglcal'

oxidation ot orgamdmatcnal is effected by natural 03 artificially,_aclelerated transfer of oxygen to the
water from air. ! : '

-

. N
.

°
v Y

. R
OX]DAT!ON RED{ITI‘ON POTENTIAL (ORP) "The potential required t
oxidant to the reductant apd used as a quaMatlve measure of the state/
treatmenlsygtems . 5.
PARSHALL FLUME & calirated device deve fed by Parshall for measyfi
< open corduit. It uyﬁmt% essentially ot‘a contracting le,ngth a th:oat a
throat is"a sill over which t pas pat entn.al deplh The upper
at a definite distance tromm

more than about ()7 .pcru.nt _‘

transfer electrons from the
Xidation, in wasfewater
, Co

he, flow of liquid in an
an, expa’naipg length. At the
lower head%are each measured
ill. 1‘ “Iower hedd need n'ot be meas ed unless the sxll is submerged

RN

PATHOGENIC BACTERLA ﬂaetem Whlch may Ldfc,]llsease in the ’hqsl orgamsms by their parasm&, :
growth. R -

..‘

L » RIS N & ' : 4
pH - The reciprocal of the logdn@ of théydrogen ion concentration. The eoncenlrdllon is the weight of
hydrogen ions, in grams per fitgr of solution. N3utral water jor example; has a*pH value of 7 and
‘hydrogen ion eom.entratxon of 10° o @

PHENOLPHTHALLIN &KAG{HT@‘ A measure of the hydm&s plus one half of. the normal-
carbonates in dqueous sdpcmlon Measured by tl’@ amount of sulfuric acid required to bring the water
to a pH value of 8. 3. mdleated by a change in color of phenolphthalein. [t is exgressed in parts per
million of calcium carbonate. x

i,tt % PYs o ’

PITOT TUBE - A device tor measuring thg $elocity of flowing flu  using the velocity head of t_?xe stream
as an index velouty It consists essentially of an grifice helﬁypomt' pstream and connegted with a
tube in,which the impaat pre‘ure due to veloul d may be observed and measuted. It also may be
constructed with an up%trean‘-?'an(' downsfream orifice, or with an orifice pointing upstream to measure
the velocity head or pressure and plczomatwmles in a coaxjal tube to measure the static head or
pressure. in which case the differgnce in pressuP is thegpdex of velocity.

; 2 . ¢ .

-
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PRIMARY SETTLING TANK - The first settling tanl{ for the removal of settleable solids through which
wastewater is passed ina treatment works. b

PRIMARY TREATMENT . (1) The first major (sometimes the only) treatment in a wasfewater treatment
works, usually sedimentation (2) The removal of a substantial amount of suspended matter but}ittle or
no colloidal and dissolved matter. :

PROBABILITY{CURVE - A curve that expresses the cumulative frequency of occurrence of a given event,
based on an extended record of ‘past occurrences. The curve is usually plotted on specially prepared
coordinafe paper, with ordinates representing magnitude equal to, or less than, the event, and abscissas
representing the probability, time, or other units of incidence.

RECORDER - A device that makes a graph or other automatic record of the stage, pressure, depth,
velocity, or the movement or position of water controlling devices, usually as a function of time.

RECTANGULAR WEIR - A weir having a notch that is/rectangular in shape.
RESIDUAL CHLORINE - Chigrine- remaining in water or wastewater at the end of a specified contact
period as combined or free chlorine.

SALINITY - (1) The relative concentration of salts, usually sodium chloride, in a given water. It is usually
expressed in terms of the number of parts per million of chloride (Cl) (2) A  measure of the
concentration of dissolved mineral substances in water.

SAMPLER - A device used with or without flow measurement to obtain an aliquot portion of water or
waste for analytical purposes. May be designed for taking a single sample (grab), composite sample,
continuous sample periodic sample.

SANITARY SEWER - A sewer that carries liquid and water-carried wastes from residences, commercial -
buildings, industrial plants, and institutions, together wrth minor quantities of ground-storm, and surface
waters that are not admitted intentionally : o

SCREEN - (1) A device with openings, generally of uniform size, used to retain or remove suspended or
floating solids in flowing water or wastewater 'and to prevent them from entering an intake or passing a
given point in a conduit. The screening element may consist of parallel bars, rods, wires, Brating, wire
mesh, or perforated plate, and the openings may be of any shape, although they are usually circular or

: rectangular (2) A device used to segregate granular material such as sand, crushed rock, and soil into
various sizes.

SECONDARY SETTLING TANK - A tank through which effluent from some prior trea&mEn_t process flows
for the purpose of removing settleable solids.
.

SECONDARY WASTEWATER TREATMENT The treatment of wastewater by biological methods af ter -

primary treatinent by sedimentation.
SECOND- STACQOLOGICAL OXYGEN DEMAND - That part of the oxygen and associated with
. the biochemical oxidationf nitrogenous material. As the term unphes the 0)%8(10“ of the nitrogenous
materials usually does not start until a portion of the carbonaceous materig) has been oxidized during

the first stage.
] . . J

4
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SEDlMENTATlON The prmeds of subsidence and deposition of suspended matter carried by water,
wastewater, or other ]rqurds by gyavrty It is usually accomplished by reducing the velocity of the quurd
below the point at which jt can transport- the suspénded material. Also called settling.

. v d“'i o R .

SELF-PURIFICATION E‘Iwnatura] processes occurring in a stream or other body of water that result in
the reduction of bact? satisfaction of the BOD, stabilization of organic constituents, replacement of .
depleted dissolved oxygén, and tWeturn of the stream biota to norfnal. Also called natural purrﬁeatron

SEM[PERMEABLE MEMBRANE - A barrier, usually thrn that permits passage of particles up to a cettain
size or of specialffiature. Often used to separite colloids from their suspending liquid, as in dialysis.
. L N .
SETTLEABLE SOl - (1) That matter in wastewater whicii will not stay «n suspension during a
preselected settling perrod such as one hour, but either settles to the bottom or floats to the top. (2) In
the lmhoff cone test, the volume of matter that settles to the bottom of the cone in-ape hour.
SKlMMlNG TANK A tank so desrgned that ﬂoatrng matter will rise and remain on the surface of the .
"wastewater untik removed, while the liquid discharges continuously under curtain walls or scum boards.

SLUDGE DIGESTION - The process by which organic or volatile matter in sludge is gasified, liquified,
mineralized, or Lonverted into more stabfe urganrc matter through the activities of either anaerobic or
aerobic organisms.

SLUDGE THICKENING - The increase in so@d{concentration of sludge in a sedimentation or digestion
tank. ‘ R

STABlLlZATlON LAGOON - A shallow pond for storage of wastewater before discharge' Such lagoons
¢ ‘may serve only to detain and equalize wastewater composition before regulated discharge tp a stream,
but often’they are used for biological oxidation.

STABlLlZATlON POND °A type of oxidation pond in which biological oxidation of organrc matter is
effected by natural or artificially aecelerated transier of oxygen to the water from air.

STAFF GAUGE A graduated scale, verttt.a] unless otherWIse specrﬁed ona plank ﬁeta] plate, prer wall,

eta used to mdrcate the height of a fluid surface above a specrﬁed point or datum p%ane
‘y

STAGE- DlSCHARGE RELITION The relation between gauge height and discharge of a stream or condurt
ata gauging statron Thrs rekrt%on is shown by the ratlng curve or ratrng table for such statrons
A %
STATlC HEAD - (l) The to-tal he wrthout reductron for velocrty head ot losses; for example, the
. differencetin the elevatioggad water and tail water of ‘a power plant. (2) The. vertrca] distance
" between the free leve] of% source of supply and the point of free discharge or the level of the free
surface ! :

»

»&

%A ) . . . '

STEADY FLOW - (1) A flow in which the rate or quantity of water passing a given pomt per unitiof time

, remains constant: (2) Flow in which the velocity vector does not change in either magnrtude or direction -
with respect to time-at any point or secNon.

»
‘.

STEADY UNIFORM FLOW A flow in which the velocity and the quantity of water ﬂowrng per umt
gemains’ constafit. -

fe
T : .

A
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STILLING. WELL A pipe, chamber or compartment with comparatlvely small inlet or inlets
communicating with a main body of water. Its purpose is to dampen waves or surges while permitting
the water level within the well to rise and fall with the major fluctuations ofythe main body of water. It
s used wrth water-measuring devices to improve accuracy of measurement '

SUBMERGED WElR A weir that when in use, has the water level on the downstream side at an elevatron
equal to, or hxgher than, the weir crest. The rate of discharge is affected by the tail.water. Also called
drowned welr, p i) : '

SUPPRESSED WEIR A weir w1th one or both sides flush with the channel of approach This prevents

" contraction of the nappe ad]acent to the flush side. The suppressron may occur on one end or both ends.

® B Y ,

SUJSPENDED MATTER - (1) Solids in suspensron inwa tewater, or effluent. (2) Solids in suspension

that can be removed readily by standard filtering proce in a laboratory.

SUSPENDED SOLIDS - (1) Sohds that either float on the surface of, or are in suspension in water,
Jwastewater, or other liquids, and which are largely removable by laboratory filtering. (2) The quantity of
material removed from wastewater ina laflloratory test, as prescribed in “Standard Methods for the
Exammﬂtmn of Water and Wastewater and referred to as nonfilterable resrdue '

THRESHOLD ODOR The minimum odor of the water sample that can ]ust be de'tected after successive’, -
dilutions with odorless water. Also called odor threshold : R ‘o

3
s

TITRATION The determination of a constituent ina known volume of solution by the measured addition
of a solution of known strength to completron of the reaction as srgnaled by, observation of yen end
point.

TOTAL SQLIDS The sum of drs(s_?lved and undissolved constrtuents in water or W/Zstewater usually stated
. in mrllrgrams per liter. , /
TRACER - (1) A foreign substance mixed with or attached to a _given substance for the determination of
the location or distribution of the substance. (2) An element or compound that has been made
radioactive so that it can be easily: followed (traced) in brologrcal and 1ndustnal processes Radiation
emitted by the radrorsotope p1npornts its. location. _ |

;
‘.

TURBlDlMETER An 1nstrument for measurement o&turbrdrty, in thch a standard suspensron usually is-

used for reference. . , N ) '
'“ ' - " ’ c. .

TURBlDlTY ( 1) A condition in water or wastewater caused by the presence of suspended matter,
resulting in the scattering and absorption of light rays (2) A measure of f?n.ksuspended matter in liquids.
(3) An analysical quantity usually reporteq in arbitrary turbigity units deterrmned by measurements of "
hght drffractron : £ » \\ »

TURBULENT FLOW (1) The flow of a hquld ast an obJect such that the velocrty at any ﬁxed pornt in

. the fluid varies irregularly. (2) A type of fluid flow in which there is an unsteady motion of the particles
and the motion at a fixed point varies in no deﬁmte manner Sometrmes called eddy flow, sinuous flow

ULT[MATE BlOCHEMlCAL OXYGEN DEMAND - ( 1) Commonly, the total quantity .of oxygen requrred
to satisfy completely the first-stage biochemical oxygen: demand. 2) Mor _gstnetly, the quantrty%
oxygen required to - satlsfy completely hoth the ﬁ;st-stage and the second-stage biochemicat oxyge

demands. s 1

188
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VELOCITY- AREA METHOD - A method used to de’termine the discharge of a stream or any open channel

by measuring the velocity of the flowing water at several points within the cross sectron of the stream -

and summing up the products of these velocrtres and their respective fractron of the total area.

' VEbOClTY ME’[ER A water meter that operates on the prrncrple that the vanes of the wheel move at

appro)umately~the same velocity as the ﬂowrng water. o

VELOCITY OP APPROACH - The mean velocrty m a conduit rmmedrately upstream from a weir, dam,

_venturi tube, or other structure. ,

A CONTRACTA - The most, contracted sectional area of a stream ]et or nappe rssurng through or over

orifice or werr notch. It nceurs, downstream from the plane’of such notch or, orifice:

VENTURI FLUME - An open ﬂume with a contracted throat that causes a drop in the hydraulrc grade line.
It is used for measurmg ﬂow : :

-
-
.

,VEI‘}TURI METER A drfferentral meter for me:lsurrng ﬂow of water or other fluid through closed .

clondurts or pipes, consisting of a venturi tube and one of several proprietary forms of flow-registering

of ‘the rate of flow

VENTURI TUBE - AV closed conduit or pipe, used to measure the rate of flow of fluids, contarnrng a

gradual contractron to a throat, which causes a pressure-head reduction by Wwhich thve velocity may be
determrned The contraction is usually, but not necessarily, followed by an enlargement to the orrgrnal :
QSrze . . v -
44_1 . . . 3
\fOLATlLE SOLlDS The quantity of solids in water, wastewater or other quurds lost oh rgnrtron of the
: dry solrds at 600°C. : “

WASTEWATER SURVEY An rnvestrgatron of the qualrty and characterrstrcs of each waste stream asin, .

an rndustrral plant or. munrupalrty

WATER- LEVEL RECORDER - A devicé for producmg, graphically ‘or otherw\—record‘ of the rise and
fall of a water surface with respect to time. :

. WATER' METER - A device installed in a pipe upder pressure for measuring and regrsterrng the quantrty of

- water passing through it.

‘WEIR - (1) A diversion dam. (2) A device that has a crest and some side containment of known geometric

shape, such as a V, trapezoid,-or rectangle and is used to measure flow of liquid. The liquid surface is

* exposed to the atmosphere. Flow is related to upstream height of water above the crest, to position of ..

crest with respect to downstream water surface, and tojgeometry of the weir opening. P

14.1 References
o » oo .

1. Glossat:% Water and Wastewater Congrol I:ngmeermg, Pr‘epared by Joint Editorial Board .

Representrng APHA, ASCE, AWWA and F, 1969.
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devices. The difference in velocity heads between the entrance and the contracted throat is an rndrcatron -
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- CONVERSIONTABLES
o .‘ ] v o
| 7w VOLUME AND CAPACITY EQUIVALENTS
Cubic ~  Cubic © Quats . Gallons Gallons " Pounds of
 Feet * Yards Liid ~ S Lig. Imperial " Water @4°C
00005787 0002143 OOI6THT 00132 0003 0OG3605 - 00361
1,728 'o 1 003704 W3R 29 48 6.229, Y
666 M1 6 80190 00197 1807 16855
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00160 00005933 . 04536 - 04793 098 009978 1

 Liters
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FLOW EQUIVALENTS - St
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o0 “ .+ .’ FRESSUREEQUIVALENTS .

—

' Barnde Por .y + Column of ; , o C
# - PoundsPer, . . .- : . Columns of Water @ 4°C ;
W : a "Hg@32F | . » YU L
_Square Inch. At’mospheres gl-cheé - Inches” ... Feet © 7 Meters-
o 006805 ;2’3% | ea2768 0 2307 070 o
14696 -1 v 2B 4068 . 3390 1033 ..
104942 003342 o ;1360 IR W k& 0.3453.
‘003613 0002458 - 007355 | ! e . 008333 00254
-, 04335 - 00295 - 08826 120 1 © 03048
1422 009677 - 2896 | - 23 @ 328 R
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. MASSEQUIVALENTS ~ “ |

-G - Ounces Pounds ‘Kil - Tons °
' rams . Avdp. Avdp. ?grams_ - (Short)
Sl 0035274 0.0022046 00010 ° 0.000001102
2835 (R - 006250 0.02835 10.00003125
4536 16 10 0453 000050 -
: S1,000 < 23527 220467 .1 . - 0001102
. 907,190 - - . 32,000 - 2,000 - 9072, -
! LENGTH EQUIVALENTS SR
Lo - S S ~ .. Miles
Centimeters g lnghes ..Fee.tb ..‘Me,ters Sttt
e 03937 - 00328L « ¥ 0010 0000006214
Fi 2540 1, T . 008333 7 0.02540 ' '0.00001578
- . v ' . N - . . l"‘ ‘e . -.‘
v o 30480 . . 12 " o 1. -y°L, 03048 00001894
w0, 393700 38 0.0006214 -

e

| é 160930 ¥ 6330 - 5280 . 16093 . |

ATy 7 T4 < AREA EQUIVALENTS | | R

e : - - — — el

. j%%a,re " Acres "' Square ~  Square: "~ * °  Square -. o
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,TlMEEQUl'VALENTS L ey

Days *~ ' . Hours . . Mrnutes ¢ ‘Seconds’ . .M. -
. - - * -t A R ey . R
e o ) . R . ’ ,},"

1 24 1440 0 86400
W o 004167 oLt 60 o 3,600
SR 0'0000"57. 0002777 001667 - 1 T ey
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. ' Temperature Conversion Formulas ) ) AL
‘ - ‘ Weasi ! X \ X

Degltes“ Celsius—-C « - ‘ o ~ 1 . T __" .
(fohnerly Cénltigmde) Degrees Fahrenheit—-F . |, - Dr.'greés'Réaumur—R? S

Ce27315" =KKelvin | F+45967 “s=Rankine | R¥$/4:"" =COasugLd -
(€ x9/9) +%2 = F Fahrenheit | +(F —32)x5/9'=C Celsius - :‘» (R»x*)M) + 32 = F Eahrenlgﬁ
Cx4/s . = R Réaumur. | " (F - 32)x4/9 R Reaumur Ao .

°¢. 40 178 - 0.°.5S 10" 1520 25 30 '”35 a0 45 5_01'_: 5 60,;.:_:_-{.

“Fo 407 ',0 24T S0 59 68, 77 8695 104 113 12‘2~_v‘131&--:140f b

MlSCELLANEOUS EQU[VALEMZS S e

1 part per million = 1 mg per liter = 8. 341bs per mrlhon gal o e A B
1 grain pér gallon 1712 part per mﬂlron = 142. 8 Ibs per mrlho‘g‘gzﬂ
g/l e . “

o partperﬁnllro‘nbywexght—— - S "’ S _,
o SPGI SRR e e

lgram—lOOOmg DA - o N L
I mgd = 5570-cu ft per hr. - » IR S, e
I mgd per dcre ft—0430 gpm percubrcyd L r Tl ¢
1 sq-milesin. = 17.38 millich gal - ST o oTe T N
lin: perhr—lOl cfs per acre - - oL T i
: _ 1 gram Jper capita = 2.2 Ibs per lOOO populatxon o o8 i -
©%. . Settling Tank” : R NS
o ‘1 cm per sec=21,205 gpd per sq'ft
"1 cm persec'= §.47x10™ 3hr detention per ft of depth
1 acre-ft = r6l3;u yd 43,56Q cu ft -
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